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ABSTRACT

Nuclear and non-nuclear testing is easy and very fébis enables the Density Technician to take a
greater number of tests in a given area. The greagenumber of tests, the more reliable the tests'
results will be. With nuclear or non-nuclear testitg tester uses a table of random numbers (which
will be explained later) to choose his/her test spdtisis way, he not only finds out if the road has the

required density, but also if the road has a uniform den3ihis is essentially a statistical approach to

highway quality control, which is assuming a more impdrtale in highway construction.

The use of nuclear techniques for measuring highway compatdites back to the early fifties. Since
that time the equipment has progressed from large homelalaoleatory devices to commercially
available, self-contained, portable devices designedfispdgifor compaction control work.

The strength of the radioactive sources used in therngawgges is much less than that used in the
early gauges. In fact, in some cases, the radioasnece strength has been reduced by a factor of
100. This, of course, reduces the health hazard and degr@ning necessary. The gauges have

become simpler to operate and are constructed to berogged and reliable.

Nuclear gauges are used to determine the compaction ofahB8CAsphalt pavements; and recent
studies have indicated a unique application to concret®lmaton control.

Non-nuclear gauges are a new technology to become ldwailaThe techniques for measuring

compaction of asphalt with these devices were derivat xperience gained with nuclear gauges.
Non-nuclear gauges offer numerous advantages in that tleesi@vovide test results within seconds,
weigh less than a typical nuclear gauge, do not emit i@dliato not require special licensing, do not
require radiation safety training and do not require gaugeatperto wear a dosimeter.

It is essential that the operator become familiath whis manual along with the manufacturer’s
operator manual for the particular device being used. eSine nuclear and non-nuclear testing
programs are still evolving, this manual will be changedodically to reflect new procedures.



INTRODUCTION

This manual is to serve as a ready reference to & Qensity Technician. The HMA/QMS

Specification contains several significant changethémethods and techniques of nuclear or non-
nuclear density control. The instructions, informatiguidelines, forms, etc. contained in this manual
are based on the HMA/QMS Specification. This text ey presents the concepts associated with

nuclear or non-nuclear density testing of asphalt paviesnirt also some of the general concepts of
the HMA/QMS Specification.



FIELD OPERATION PROCEDURES FOR TROXLER 4640B

When a new device is puchased the operator should reademahd familiar with the manufacturer’s
operation manual. Knowledge gained from the operatorisuaiawill help to ensure the gauge is
operated safely and efficiently.

Turning the Gauge "ON"

The gauge uses rechargeable Ni-cad batt@nelsided) as a power source. When first turned on, the
control panel display screen will fill with test chetrers before proceeding to the self-test.

To turn the gauge on, press ON.

After the "LCD" test, the display will be:

TROXLER 4640B
V: xxx SN »xxxxx
Customer name
(TEST: xx sec.)

After the 300 second self-test the gauge will enter theatg' mode. In this state any of the gauge
functions may be accessed.

The <READY> display is:

<READY>

mm/dd/yy

Avg.: xx
Time: XX mins.
BATT VOLTS xxx V

The first line of the display alternates between ¢beent time and date. The second line of the
display indicates any gauge options that are enabled suélversage Mode". The third line indicates
which count time is enabled. The last line indicélbescurrent battery voltage.

GAUGE PARAMETER SET-UP - 4640-B

After unpacking your gauge and turning it "ON" there will usula#t several parameters that you can
initialize. These parameters do not usually require ghgrand may include the time/date, company
name, count time, etc.



Units Selection

The 4640-B allows measurement results to be displayedhar atetric or English units. Decide

which selection you will be using and press SHIFT and@RE

The display will be:

SPECIAL FUNCTION
YES - next menu
1 - Surface Voids
2 - Recover Erase

Press YES two times and/or press 7 for the display:

Units in US
Select 1 -US
2- METRIC
ENTER - no change

Press either 1 or 2 to select the required units.

Count Time Selection

The gauge provides three different count times for takingityereadings.

CURRENTLY, THE

NCDOT REQUIRES THAT ALL NUCLEAR GAUGE DENSITY MEASBEMENTS BE TAKEN
WITH A ONE-MINUTE COUNT TIME.

To set count time press TIME for the display:

Count Time 60 sec
1 - 15 Seconds

2 - 1 Minute

3 - 4 Minutes




Source Rod Positions
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Figure 1
Safe Position

The source rod handle must be in the upper position. Timgegrl must engage in the notch located
on the index rod.

Figure 2

Measure Position

The source rod handle mus all the way down! The handle must be resting profdhe stop pin.

Taking the Standard Count



The 4640-B uses a Cesium-137 gamma source for taking densityremasts. This low-level
radioactive source undergoes a natural decay process, ihidts in a gradual loss of strength. The
time required for the source strength to diminish by 508éfexred to as thiealf-life. The half-life of
Cesium-137 is approximately 30 years.

To compensate for the source decay and to check if a gaugalfunctioning, a daily reference
Sandard Count is performed. It is very important to take a Standaydr€ on a daily basis to ensure
the highest accuracy/precision possible with the gauge.

On days when a control strip is being placed, the DepattsnQA technician should witness the QC
technician’s standard count procedure. Likewise, ther@atair’'s QC technician should witness the
QA gauge operator’s standard count procedure.

The gauge is equipped with a reference block and an air gagr §padaking the Standard Count.

Place the reference block on a dry, flat surface at 140 feet (3 meters) from any large vertical
surface (i.e. concrete block wall) and at least 33 (fe@tmeters) from any other radioactive source.
The Standard Count MUSe taken at the project site on the material beisigde

Place the spacer on the reference block and then thlacgauge on top of the spacer. The gauge
must be in the "SAFE" position. The handle end ofghege should rest over the two posts on the
spacer.

The QC and QA Nuclear Gauge technicians should also agddie maximum and minimum standard
count range that would be allowed on the project for thaiterial for progressive days until a new
control strip is placed. These numbers should alsodeeded on the correct forms.

46488 GAUGE
{ AIR GAP SPACER
[REFERENCE nwcﬂﬂ’L R
‘g‘ %
Material being test(
Figure 3

Standard Count

Press STD for the display:



- Standard Count -
XXX XXX
Take a new

Standard Count

Press YES.

Place Gauge on
Spacer & both on
Block, Put Rod in

SAFE, Press ENTER

Check the gauge position. Press ENTER to start the.count

Taking
Standard Count
XXX seconds
Remaining.

After the count is completed press YES to accept thecoewmt.

NOTE: The 4640-B is equipped with two methods of testingafegence Standard Count. The first
method compares the new Standard Count with the aveféige last four (4) Standard Counts. This
method is theMulti-Sandard Mode. The second method compares the new Standard Coum to t
decay corrected factory calibration reference Standawdnt. This factory Standard Count is
theoretically decay corrected for the time elapsed éetvthe new references Standard Count and the
factory reference Standard Count. The new count ipaced to the corrected calibration count and
is referred to as th8ingle-Sandard Mode. Refer to information on selection Single-Standacdien

or Multi-Standard Mode.

The Pass/Falil tolerance is based on a +/-1% vari&io8ystem 1 reference Standard Counts and a
+/-1.2% variation for System 2 Standard Counts (multiggteshand single standard mode).

The last four (4) "Standard Counts" stored in gauge memayybe viewed.

Press SHIFT and SPECIAL. Press YES four (4) timesoamtéss 12 for the display:

System #1 counts
= XXXX 2 = XXXX

3 = xXxxXX 4 = XXXX

YES for System 2

Press YES to view the counts for System #2.



System #2
1 = xXXXX 2 - XXXX
3 = xxxXX 4 = XXXX
YES to Exit

Site Preparation/Gauge Positioning

The 4640-B Thin Layer Density Gauge is designed for use gmatisurfaces and consequently will
not require a great deal of site preparation.

IMPORTANT: Keep the gauge turned parallel to the direatibtihe paver and rollers.

+ Remove any loose material (sand, aggregate, etc.)thenest site.

« Ensure that the gauge does not "rock.” It must remaah dad steady. If rocking occurs, find a
more suitable test site within a 3 foot radius. If ywa taking a measurement at a core site in a
Control Strip you may move the gauge up to 12 inches awaythe site to level the gauge. Cut
the core from within the gauge foot print.

4640B Test Pattern for a Core Site within a Control Strip

Core (dotted line)

o e

0 * . . . .
N % Direction of Paving Operation
™ a »
. .

P L4

. o'

.. N - “

Take two (2) nuclear density measurements on each
core site. (Do not move gauge between readings)

Figure 4

TAKING A MEASUREMENT
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Overlay Thickness Selection

Input the overlay thickness prior to taking a measurematht the 4640-B. This will ensure the

underlying material does not influence the readings.

Press THICK for the display:

Layer Thickness:
XXX
Input and
Press ENTER.

Input the thickness of the overlay and press ENTER.

Marshall/VVoidless Density Parameters

Input the target density prior to taking a measuremergssRvIA/VOIDLESS for the display:

Press YES and input any target Marshall and Voidlessityesadues.

NOTE: The "Voidless" density is the maximum densitiaoted in laboratory tests.

Taking a Reading

Ensure the gauge has passed the standard count procedures.
Place the gauge over the test site.
resting on top of the stop pin.

Press START:

MA: xxx.x
VD: xxx.x
Do you want
To change?

Release the gandle laad push it down until the handle is

MA: xxx.x

Thick: xxx

Avg.: xx
Time: XX secs.

After the count time has elapsed, the display will be:

11




Dens: xxx.x
%MA: xxX.x%x%
100 - %MA: xx.xx%
%VOIDS: x.xx%

NOTE: If Surface Voids Mode has been enabled, the surface voids value willdpdagied in place of
the density value.

Viewing the Counts

Press SHIFT and RECALL to view the actual counts féecter systems 1 and 2.

Creating a Project

Data is stored in the 4640-B undepraject number. When a project iactive, all readings will be
stored in memory under this project number. This funciitows data to be retrieved and printed (or
downloaded to a computer) for later use.

The Project Function allows projects to be created, retrieved, viewed aretésed.

Press SHIFT and PROJECT for the display:

Current Project
D 60004 ¢

Do you want a

New Project #?

Create a New Project

Press YES and input the number of a new project. Theagbrwill be active until a new project
number is entered. All gauge readings that are storetenditored under the new project.

View/Erase Project

Press NO.

PR# AKX
1 - View Proj.
2 - Erase Proj.
3 - Next Proj.

Select the project number required and follow all instonston the gauge display.
Storing a Measurement

12



After reviewing the data the reading may be stored unéeojact Number. This function allows the
data to be recalled and printed at a later time.

When the measurement has been completed press STORHElisplay will request a station number.

Station Number?

Input and
Press ENTER

Input a numeric station or reading number (up to 6 chascéed press ENTER. The display will
request the distance from the centerline.

Distance from
Center line?

(Press ENTER)

Input the distance (if applicable) and press ENTER. T$@ayi will request if the measurement was
to thelLeft or Right of the centerline. Press 1 or 2.

Additional information may be stored. This informatimmay be grid coordinates, mix type, or any

other numeric information (up to 12 characters per lirfejess YES to continue storing information.
Press NO to exit.

Printing Measurement Data

Project data may be printed at any time after the mgadiave been taken and stored into the project.

Press SHIFT and PRINT. The display will be:

Connect serial
Device & Select:
1 - one Project
2 - all Projects

Connect the printer to the serial port located orfribvé of the gauge (refer to information on setting
the serial port parameters).

Press 1 to select (1) project. Press 2 to primirajects.

If 1 is selected, the gauge will display the first projpehemory.

13



PR# XXX
1 - Print Proj.
2 - Next Proj.

Press 1 to print the project. Press 2 to scan fohangtroject.

Erasing a Project

TheErase Function allows project data to be erased or removed from gaug®rye

Press SHIFT and ERASE. The display will be:

Select to ERASE:

1 - one Project
2 - all Projects

Press 1 to select one (1) project only.

Press 2 to erase all projects stored in the gauge.

Accidental Erasure

If data is accidentally erased press SHIFT and SPECIAL.

Press 2 to select th&ecover Erase function.

FIELD OPERATION PROCEDURES FOR 3450
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When a new device is puchased the operator should reademahd familiar with the manufacturer’s
operation manual. Knowledge gained from the operatorisuaiawill help to ensure the gauge is
operated safely and efficiently.

Turning the Gauge “ON”

The gauge primarily uses Ni-cad batteries as a power sdureever, the gauge also contains six AA
alkaline batteries for a backup power source. When thgegia first turned on, the software tests the
display, performs a short self-test, and displays theefdyastatus. NOTE: The gauge should be
turned on at the office prior to leaving for the projecallow the gauge to warm-up.

To turn the gauge on, press ON.

After the self-test the display will be:

Charger - OFF
Ni-Cad - In Use
Alkaline - Ready
Press ENTER

The first line indicates if the charger is connected the next two lines display the status of the Ni-
cad and alkaline batteries. To view the battery geltpress the “down” arrow key.

Press, ENTER and the gauge will go into a warm-up moddldw #he electronics to warm-up
(approximately 10 minutes).

After the warm-up, the gauge will go into the ready screen

The display will be:

- READY - Thin Mode

Depth - STD 10:21am

Tim - 60sec 06/30/2008
Pr#: Your project

From the ready screen any gauge function can be accessed.
To conserve power the gauge will go into a sleep mode thitey seconds of no use. All data and
settings are protected. To exit sleep mode, press arf@ kR THAN ON OR OFF.

BASIC PARAMETER SET-UP: 3450 GAUGE
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Setting Measurement Units

Prior to taking measurements, the operator should deeihtime project is metric or English and set
the gauge accordingly.

To execute the set units function, press SPECIAL ferdibplay:

1 - Special Operation
2 - Gauge Status/Test
3 - Memory Functions
4 - Gauge Setup

Press 4 to enter gauge setup menu.
The display will be:

1 - Set Time/Date

2 — Print Setup

3 - Depth Indicator
4 - Set Beeper Level

Use the “down” arrow key to scroll through the menuesB18 for set unit function.

1 - Special Operation
2 - Gauge Status/Test
3 - Memory Functions
4 - Gauge Setup

The display will be:

Unit in pcf
1 - pcf

2 - kg/m?
3 -g/lecm?®

Enter the number of the desired unit for testing.

Count Time Selection

16



The gauge provides three different count times for takingityereadings. CURRENTLY, THE
NCDOT REQUIRES THAT ALL NUCLEAR GAUGE DENSITY MEASBEMENTS BE TAKEN
WITH A ONE-MINUTE COUNT TIME.

To set count time press TIME for the display:

Count Time 60 sec
1 - 15 Seconds

2 - 1 Minute

3 - 4 Minutes

Measurement Mode Selection

The gauge may be utilized on asphalt, base course, oraadilit provides three different testing
modes: Soil mode, asphalt mode, and thin-layer mode.gdinge must be set in soil mode for testing
base course or soil. For testing asphalt on QMS pgsyjde gauge must be set in thin-layer mode.

To select mode press MODE for the display and seleat thdothin-layer mode:

- MODE -
1 - Soil Mode
2 - Asphalt Mode
3 - Thin layer Mode

Once the thin-layer mode is selected, the gauge promptidooverlay thickness. Use the number
keys to enter the overlay thickness and press the ENKEER

Taking the Standard Count

NOTE: The front of the gauge is closest to you when3#50 is placed with the source rod to the
left and the control panel to the right. The handletaios the trigger mechanism, which is used to
position the source rod on the notched index rod. Thecsorodshould always be in the SAFE
position when the gauge is not in use.

All Troxler nuclear gauges utilize low level radioacts@urces for taking measurements. The sources
in the 3450 gauge have a half-life of 30 years for Cesium 187488 years for Americium 241:
Berylium. For example, if a nuclear gauge is manufactwitld 8 mci of Cesium 137, then in 30
years only 4 mci of Cesium 137 will be present. To enaaceirate testing a STANDARD COUNT
must be taken to compensate for the continuous radiea#ivay. The radioactive decay is a known
occurrence and will not compromise the accuracy ofgdnege provided the standard counts are
taken. It is important to take the standard count whgauge is initially received from the factory
and prior to taking measurements at the job site.

The gauge should be turned on before leaving for the wierk $his allows the gauge to go through
the self-test/warm-up routine and the standard countheanlie taken upon arrival at the work site
without delays.

17



On days when a control strip is being placed, the DepattenQA technician should witness the QC

technician’s standard count procedure. Likewise, ther@atair’'s QC technician should witness the

QA gauge operator’s standard count procedure.

The gauge automatically compares the new standard couhe taverage of the last four standard

counts. The new standard count will “pass” if it ishmit+/- 1% for each density system average (DS
1 and DS 2) and +/- 2% of the moisture average. Recorstahneard count on the correct forms.

The QC and QA Nuclear Gauge technicians should also atddiie maximum and minium standard

count figures that would be allowed on the project fot thaterial for progressive days until a new

control strip is placed. These numbers should alsodoeded on the correct forms.

Place the REFERENCE BLOCK on a flat surface at [daste meters (10 feet) from any building or

structure and a minimum of ten meters (33 feet) fromadhgr radioactive source. Do not use truck
beds, tailgates, tabletops, etc. To ensure the higlegsee of accuracy, the Standard Count MUST
be taken at the project site on the material to stede

Place the gauge on the reference block as shown iiigthe below, making sure the block top and
gauge base are clean and smooth. The gauge must be pdsitetveen the raised edges of the
block with the right side of the gauge firmly seated agaives metal butt plate on the block.

Material being tested

Figure 5
Standard Count

18



To begin taking a standard count, press STANDARD for tslair:

DS = xxxx XXxXX
MS = xxx
1 - Take new count
2 - View counts

To take a new standard count, press 1. To view the daststandard counts, press 2 and scroll
through the counts by pressing the ENTER key.

Press 1 for the following display:

Put Rod in STD Pos

Place Gauge On

Standard Block
Press ENTER

Press, ENTER to start the standard count. Aftertdr@dard count, the gauge displays the results:

DS1 = xxxx x.x%PASS

DS2 = xxxx x.x%PASS
MS = xxxx x.x%PASS
Use New Standard?

If a “PASS” is displayed by all three standards thenStandard Count is acceptable and can be used
for the rest of the day. If “FAIL” is displayed for yaof the standards, determine if anything in the
surrounding area may have influenced the Standard Coumtck@r structures or vehicles that may
have been too close or possibly another nuclear deeady. Also inspect the gauge and reference
block to verify they are set up properly for a standandnto If all conditions are normal, do not
accept the standard count just taken: Press NO and tatteaBtandard Count.

NOTE: If the second Standard Count fails and any ocaedard did not fail by a large percentage
(4% or greater), take four new standard counts to regiectr Standard Counts stored in memory.
The fifth Standard Count should pass. Do not erase staedards stored in the gauge. If it does not
pass, or if a Standard Count fails by 4% or greatetlmbkoils lab (919) 329-4150.

If the Standard Count passes, record the results andYiE&ss

Calibrate Depth Strip
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Once the Standard Count is complete, the depth stripagilire calibrating. The gauge will display:

Depth Calibration
Set Rod To BS

And Press ENTER

To calibrate the depth strip, place source rod in the(lisSkscatter) position and press ENTER.
NOTE: If the source rod is not placed in the BS positionng calibration, all density readings will be

effected.
‘_J:__] Safe Position
(Always use for storage)
LT [He— Trigger
O I s s e n .
i1y . ﬁ Backscatter Position
At
LN : | S
I I T I i 50 mm (2 in)
L}
Source Rod —> J«—Index Rod
Direct Transmission
) Positions
TTT?d & i 300 mm E12 in) or
[ ""T‘" ________ 1 200 mm (8 in) —

Figure 6
Source Rod Positions

Site Preparation/Gauge Positioning
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The 3450 Density Gauge is designed for use on asphalt suafagdensequently will not require a
great deal of site preparation.

IMPORTANT: Keep the gauge turned parallel to the directibthe paver and rollers (see diagram
below).

+ Remove any loose material (sand, aggregate, etc.)thenest site.

« Ensure that the gauge does not "rock.” It must remaah dad steady. If rocking occurs, find a
more suitable test site within a 3 foot radius. If yra taking a measurement at a core site you
may move the gauge up to 12 inches away from the sitevéd the gauge. Cut the core from
within the gauge footprint.

3450 Test Pattern for a Core Site within a Control Strip

Core (dotted line)

Sl Y Direction of Paving Operation
* . >

Take two (2) nuclear density measurements on each
core. (Do not move the gauge between readings)

Figure 7

Entering a Target Density

Prior to testing asphalt for density acceptance, atagesity must be entered into the gauge. Once
the target density is determined, press TARGET for thadi:

1 - PR = xxx.x

2 - MA = xxx.x

3 - Voidless = xxx.x

4 - Voidless/MA = pair

Press 2 to input target density for asphalt. The displagev

Marshall Values:
1: XXX.X 2: XXX.X
3z xxx.x 4: xxx.X
5: New 6: Disable




Press 5 and input a new target value. After the valerteyed press ENTER. The gauge will then
ask if the operator wants to store the value in memadnystore the target value, press YES, and then
choose one of the storage cells (1-4). Entering a taeget value in a storage cell will erase an
existing target value stored in the same cell. Thesdttarget value will be saved and can be accessed
for later testing. When prompted to store a target y#heeoperator may press NO and the value will
not be entered into a memory cell, however; the vaililegemain the existing target value.

Taking a Reading

Place the gauge over the test site. Release the gaudje bad push it down until the handle is in the
first notch below the safe position (BS position).

Press START and the gauge will display:

Ready for
Count 1 of 1
Place in BS then
Press Start

Press START again:

Thickness
X.XX in
Count 1 of 1
Time xx sec

After the count time has elapsed, the display will be:

%MA = xx.xx% {
= xxx.x pcf

To view the actual counts for the detector systemsdR2apress the either arrow key.

Storing Project Data
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The project function allows a unique project number (fitepe created. When the project number is
active, density readings can be stored under that numdethan either printed or downloaded to a
computer.

To access the project function, press the PROJECT Keg.display will be:

PR#: Your Project
1: Select Project
New 4: Print
View 5: Erase

The first line displays the current project number. thgearrow keys to scroll project numbers that
are in gauge memory. When the desired project is displayess 1 to enable the project. To create
a new project, press 2 at the project menu. The displlayew

Project Number

Press ENTER

The gauge then prompts for a project ID number. The griijeaumber is only an alternate project
identification number; therefore, it is not necessdryess ENTER to get to the display shown below.

Do You Want To
Select New Project?

8.123456

Press YES and the gauge will enable the new projeat. gahige will then return to the ready screen.
Verify that the correct project number is displayedlonlast line of the display screen.

- Ready - Thin Mode
Dpth - STD 2:30 pm
Tim-60sec 09/14/2008
PR#: 8.123456

After taking a measurement, the operator can storedéih@ in the selected project by pressing
STORE. The display will be:

Next Station Number?

Last Station: 0
ENTER When Done




After entering the station number press ENTER. The gadlgéhen prompt the operator to enter
additional information. The operator can enter theadee from centerline and any additional
information.

Printing Data

To print the stored data press PROJECT to enter thegbrajenu. Press 4 to enter the print
function. The display will be:

#: Your Project {
1: Print This Project
2: Print All Projects

Use a serial printer cable to connect the nuclear gaugbke printer (or computer). Refer to the

Troxler manual for setting the correct baud rate ingdagge. To print a single project, use the arrow
keys to scroll through the stored projects. When the gdisgays, the desired project, press 1. To
print all projects press 2.

Erase Projects

To erase a project, press PROJECT. The press 5 agduge will display.

#: Your Project 0
1: Erase This Project
2: Erase All Projects

To erase a single project, use the arrow keys to stnalligh stored projects. Once the gauge
displays the desired project, press 1. The gauge will tspragi“Are You Sure”, press YES.

Recover Erase

If project data is erased accidentally, the recoveseefanction_maybe able to recover the lost
information. For the recover erase function, preBEGAL. Press 3 to access the memory function
menu. To attempt data recovery, press 2.

FIELD OPERATION PROCEDURES FOR POI 301
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When a new device is puchased the operator should reae&emhd familiar with the manufacturer’s
operation manual. Knowledge gained from the operatonsiatavill help to ensure the gauge is
operated safely and efficiently.

Turning the gauge “ON”

The PQI gauge uses nickel metal hydride batteries as a gowee and must be fully charged prior
to using the gauge for the first time. These batterigsa full charge will provide approximately 13
hours of normal operation.

To turn the gauge on press ON.

After the self test the screen will prompt the opar&bcenter in the “Pavement Type”

Select Pavement Type
1: 25-35 mm (Base)

2: 16-24 mm (inter.)

3: 9-15 mm (Top)

Enter “3” to select surface mix type. The gauge will gpbthe operator to enter a Lift Thickness.

Lift Thickness
Enter Units
1) inches
2) mm

Select “1” for English units or “2” for metric. The gaudjeplay will prompt for a lift thickness value.

Lift Thickness
Enter Thickness (in or
mm)

Using the keypad enter the depth of HMA being placed and fifass”. The gauge will then enter
the “Startup Menu” screen as shown below.

Startup Menu
1) Setup Menu
2) Run

Test Block Procedure
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To verify the PQI device is operating properly an inR@! Test Block Procedure must be performed
after purchasing a new gauge or following calibration/repfaan existing device. This initial Test
Block Procedure will establish a baseline for futuret Bdsck Procedures that are to be conducted on
the material being tested at the beginning of each gagduction. A representative of the
Department should verify Test Block results are withierance of the initial Test Block Procedure.

If the Test Block results do not fall within tolerartbe device can not be used for acceptance testing
and the manufacturer should be notifed for additional guideegaeding calibration/repair of the
device itself. The PQI Test Block can be purchasedatsllech and a step-by-step procedure
manual can be found dittp://www.transtechsys.com/products/pro_products_main.htm

Records of calibration and Test Block results must bataiaed for verification by a Department
representative.

Basic Parameter Set-up

If gauge testing parameters need to be entered or vemisd “1” to enter the Setup Menu. The
display will be as follows:

1) Date/Time

2) Mix Information

3) Displayed Units
ENT) Exit (Scroll)

Since density readings will be stored in gauge memorify di&ate and time and adjust if needed.
Additional menu listings, as shown in the following diagr&an be viewed by pressing the “Down”
arrow.

4) Data Log

5) View Parameters

6) Remote Menu
ENT) Exit (Scroll)

From this display the operator can press ENTER to exier a desired menu function by pressing the
corresponding number, or press the down arrow to retutretrst setup menu display.

Setting Measurement Units

From the Setup Menu select the “Displayed Units” by [mgs8”. The LCD will display the
following:

1) Density (Ib/ft3)

2) Temperature (F)

3) % Compaction
ENT) Exit

From this display the operator can press the appropuateer to change any of the units. Since the
Department’s specifications are based on percent coimpa® Compaction” should be displayed
when testing NCDOT projects. Press ENTER to retuthécSetup Menu functions.
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Entering a Target Density

Input the Target Density prior to taking a measuremerdmfhe Setup Menu function press “2” for
“Mix Information”. The display will be as follows:

1) Set MTD (150.0)

2) Lift (1.5 in)

3) Set Pave Type (T)
ENT) Exit

Select “1” and the display will be:

Set MTD
(150.0 Ib/cuft)
1) Keep this value
2) Enter a new value

Press “1” to keep the current value and return to the 3é¢mp. Press “2” to enter a new value.
Use the keypad to enter a new target density.

Measurement Mode Selection

When testing with a PQI device at an individual test sithin a Test Section or individual core site
within a Control Strip, a total of five measurementitbe required at each site. Taking more density
measurements reduces variability providing a better reptagon of asphalt density. Increasing the
number of density readings is possible due to the shart¢mne required to take a density reading.
The PQI device displays the results in approximately 8rebc The PQI also provides an “Average”
mode function which averages 5 consecutive individual rgadind displays the final result for
recording. The stored density measurements are printesudmitted with the required QMS density
forms to the appropriate QA representative.

To select the mode, press “Mode” until the screen display following:

Avg Mode (5) [T]
ENT) Take Reading #1

Site Preparation/Gauge Positioning

* Remove any loose material (sand, aggregate, etc.)thretest site.
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If moisture is noticeable on the surface wait for tasture to evaporate or remove the
moisture with an absorbent cloth. Moisture will eff@Ql measurement readings, monitor
test results carefully. To ensure the highest degraeaniracy, moisture readings should
remain relatively constant. Do not accept any dgnsgasurements when the “Relative Water
Value” (H;,0) is above 5. If the relative water value is abdwadlow the test site to dry and
take another measurement. Repeat this procedure untdititeedrops to 5 or below. Relative
Water Values should remain relatively constant betweeasurements. If the value varies by
more than 1 % do not accept the reading. Allow thesigsto dry to a constant moisture
value and retest.

Ensure the bottom of the gauge is clean and the devisenddérock” when place on the mat.
The device must remain level and steady. If rocking agdind a more suitable test site
within a 3 foot radius. When taking measurments aroundeatbe gauge operator may move
the gauge a few inches away from the core locatidevel the gauge, but the core must be
cut from the center of the 5 gauge readings. Refer tiolbeing diagram for a typical PQI
test pattern for a core site in a Control Strip astl sge within a Test Section.

PQI Test Pattern for a Core Site PQI Test Pattern for a Test Site
(Control Strip) (Test Section)
6-inch core (dotted line) | a >

o 5 individual PQI gauge
measurements (solid line)

Maximum distance
Approximately 16 inches

Figure 8

Press “Enter” to take the first reading. DO NOT TOUtDHE gauge while it is taking a reading.
Once the reading is complete move the gauge and take areddeng. Repeat the same steps until

all five

readings are obtained. Press “Enter” to dysfila average of the five measurments (refer to

diagram below).

Avg Mode (5) [T]
ENT) Display Average
H20: 3.0 185.6 F
D: 135.5 b (92.3 %)




Once the average is recorded on the appropriate QMSydfemsit, press “Enter” to store the data
(refer to the following diagram).

Log the last avg?
(0 points in log)
1) Yes

2) No

Press “1” and the LCD will display the following:

Enter Station #
Example: 300 +50
First #:
Second #:

Using the keypad enter the station. For this exampér 800 as the “First #” and press “Enter”.
Enter 50 as the “Second #” and press “Enter”.

Printing Data

Once the density readings have been stored in gauge miraatsta can be printed. To print data,
enter the Setup Menu and select the “Data Log” functyopréssing “4”.

4) Data Log

5) View Parameters

6) Remote Menu
ENT) Exit (Scroll)

Select the “Print Data Log” by pressing “3”. Once tlata is printed select the “Clear Data Log” to
erase the data.

1) Clear Data Log

2) View Data Log

3) Print Data Log
ENT) Exit
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FIELD OPERATION PROCEDURES FOR PAVETRACKER 2701-B

When a new device is puchased the operator should reae&emhd familiar with the manufacturer’s
operation manual. Knowledge gained from the operatonsialavill help to ensure the gauge is
operated safely and efficiently.
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Turning the Gauge “ON”

The gauge uses rechargeable nickel-metal hydride bathedeshould be recharged if the voltage falls
to 6.0 V. The gauge will automatically power down if tldtage falls below 5.5 V.

To turn the gauge on press the power switch (next tal penit on front panel). When first turned
on, the device will display the following:

- Model 2701B -
Battery Volts: x.x
V #.4# SN: ###

Press <Enter>

Press “Enter/Start” button on keypad. After press “E8tart”, the device will perform two self-tests
to check for malfunctions. Following the self-tests gauge will displays the Ready screen.

-Ready-
Mm/dd/yyyy hh:mm AM
Proj: Project Name
Mode: Averaging

Since density readings will be stored verify the datktame are correct. To adjust date and/or time
press the “Setup” key to access the Setup menu functidresdisplay will be:

-Setup-
1. Set Units I
2. Date/Time

3. Temperature

Addition menu functions are listed on the Setup menu agt@utby the double arrow. Use the
“arrow” keys to scroll through the functions. Press ¢2'the keypad to enter the Date/Time menu
and follow the instructions listed on the LCD display.

-Date/Time-
1. Change Date I
2. Change Time
3. Time Format

GAUGE PARAMETER SET-UP

Unit Selection
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The Pavetracker is display density measurements irr eitdigic or English units. To set the units
press “Setup” key to access the setup menu. The LCMigplay:

-Setup-
1. Set Units I
2. Date/Time

3. Temperature

Select “1” for the following display:

=Units-
1. English
2. Metric
Press # to select

Reference Reading

To ensure accuracy of the gauge, a Reference Reading enasieln each time the gauge is turned on
and periodically thoughout the day. All Reference Readmgst be taken on a flat smooth surface of
the material being tested. Density readings can aldaken on the Reference Standard Block to
verify the gauge is reading the standard block within €p@f. As a minimum a density reading

must be taken on the Reference Block just prior to mibtadensity readings within the Control Strip
and at the beginning of each Test Section. If the gaxceeds the tolerance (+/- 0.5 pcf) another
Reference Reading must be taken. Follow the procedurpsrfiorming the Reference Reading
provided in the manufacturer’s operators manual. Iff &fte consecutive Reference Standards, the
gauge does not measure the standard block with +/- 0.5 pafetice can not be used for density
acceptance testing. Contact the manufacturer for adaitizidance regarding calibration/repair.
Records of calibration must be maintained for vetificaby Department representatives. Department
representatives may request periodic Reference Standsrkl dnsity measurements to verify the
device is measuring the Reference Standard Block walenance.

Measurement Mode Selection

When testing with a Pavetracker Plus device at an duhilitest site within a Test Section or
individual core site within a Control Strip, a totalfive measurements will be required at each site.
Taking more density measurements reduces variabilitygingva better representation of HMA
density. Increasing the number of density readings siljesiue to the short count time required to
take a density reading. The Pavertracker displays rasapgproximately 3 seconds. The
Pavertracker also provides an “Average” mode functiorhvaverages up to 30 readings. When
using the “Average” mode, the average of the five stdestsity measurements are recorded, printed
and submitted with the required QMS density forms to pgpeapriate QA representative.

To select the measurement mode press the “Mode” keg.diSplay will be:

-Mode-
1. Continous
2. Averaging
3. Segregration




Press “2” to select Averaging mode.

Entering a Target Density

Input the Target Density prior to taking a measuremergssithe “Target” key and the LCD will
display:

-Target-
1. Gmb/Marshall ###.#
2. Gmm/voidless #i#i#.#
Press # to select

Press “1”

Gmb (MA) Value:
1. 0.0 3.0.0
2.0.0 4. 0.0
5. New 6. Disable

If the desired Target Density has been stored in meoelis/1-4, then select the correct value. If a
new Target Density is being entered, press “5”.

Gmb (MA) Value:
0.0 pcf

Press <Enter>

Use the keypad and enter the Target Density and then“prees”. The screen will display the
following:

Gmb (MA) = #i##.#
Do you want to
Save this value

For later use?

If “No” is pressed the Target Density will remain aetin the gauge. If “Yes” is selected the Target
Density will remain active and the screen will disptlag following:

Select Memory Cell:

1. 0.0 2.0.0

3. 0.0 4. 0.0
Press # to Select




Press the number of the corresponding memory celbte she Target Density in memory. The
Target Density can then be recalled when needed.

Creating a Project

When testing asphalt for acceptance with a gauge, measuteemust be recorded on the appropriate
QMS form, stored in gauge memory, and printed. All copi€3MS forms along with the gauge
printout tapes must be submitted to the QA representativerder to store any density
measurements a Project file must be created. Toecagattoject, press “Proj”. The screen will
display:

- Project -
1. Select ¢
2. View
3. Create

Note that several Project menu functions (i.e. “&léErase”, “Create”, etc.) are available to
manage the project files within the gauge. To creagnaproject file, press “3”. The screen will
display:

Project Name

<Alpha> for Letters
<Enter> to Exit

Enter the primary contract number. For examplerdésarfacing project has a primary contract
number of C200001, press “Alpha Lock” then “C” followed bygha Lock” then enter the numbers.
Once the contract number is entered press “Enteré LTZD will display:

Make Project
C200001
Active

<Yes> or <No>

Select “Yes” on keypad. Once the project is activenalirsurements which are stored will be placed
under that particular contract file.

Site Preparation/Gauge Positioning
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* Remove any loose material (sand, aggregate, etc.)thetest site.

» If moisture is noticeable on the surface wait fore@sture to evaporate or remove the
moisture with an absorbent cloth.

» Ensure the bottom of the gauge is clean and does ndt’ ‘inden placed on the mat. The
device must remain level and steady. If rocking occund,a more suitable test site within a 3
foot radius. When taking measurments around a core the gpegeor may move the gauge
12 inches away from the core location to level the gamgiethe core must be cut from the
center of the 5 gauge readings. Refer to the followingyaa for a typical Pavetracker test
pattern for a core site in a Control Strip and testwithin a Test Section.

Pavetracker Test Pattern for a Core Site Pavetracker Test Pattern for a Test Site
(Control Strip) (Test Section)
L Max. approx 18 inct
6-inch core (dotted r y'y
/linn\
o** '.K A
A

o o

Paving Paving

operation operation /
Fuguy p— 7

-
L2
"aagunt®

5 individual Pavetracker ) )

5 individual Pavetracker Approximately 20
mearsurements (solid lines) inches

Figure 9

When taking measurements with a Pavetracker, keep tiee dgiented on the pavement so that it is
parallel with the paving operation.

Taking a Density Measurement

Place the gauge on the measurement site as describedorevious section. Press “Enter/Start” and
the screen will display:

Averaging Mode
Reading #: 1

Press <Start>
<Store> /| <ESC> to End




Press “Enter/Start” again to begin measurement #1. DO NOUCH the gauge as a measurement is
being taken. Once the density results are displayed thevgauge over and repeat the same steps to
take the next reading. As the readings are taken the gallgeerage the results. Once all five
measurements are taken, press “Store” The screethspihy:

Do You Want To
Add Notes

<Yes> or <NO>

Press “Yes” and use the keypad to enter the statiooe (e station is entered press “Enter” to
return to the Ready screen.

Printing Data

To print the stored measurement results press “Profh®Project menu functions. Select function
“5” for Output. The screen will display:

Output:
1. One Project
2. All Project
Press # to Select

Select desire function. The screen will display:

Output:
1. 32 Column Report
2. Spreadsheet
Press # to Select

Connect the serial cable to the 9-pin serial portherPRavetracker and connect the serial cable to the
printer. Select “1” for 32 Column Report. Select “1'prant the report.

Erase Projects
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Project files can be erased by pressing “Proj” torahiee Project menu functions. Select “4” to erase
a project. As always remain cautious when erasing gisje

FIELD COMPACTION QUALITY MANAGEMENT SYSTEM

QUALITY CONTROL OF DENSITY BY THE CONTRACTOR (QC)
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The Contractor shall perform quality control of thenpaction process in accordance with applicable
provisions of Article 609-5(D). The Contractor may eléoc use either cored sample density
procedures or nuclear gauge density procedures. When pladexcesuixes the Contractor may also
elect to use non-nuclear density gauge procedures. Norangeages can not be used to test base
or intermediate mixes for density acceptance. Nonreangauges currently approved to test surface
mixes are Troxler Pavetracker Plus Model 2701-B and TramsP&I| Model 301. The Contractor
shall provide the method and frequency of density qualitytrob to the Engineer at the
preconstruction conference.

Nuclear or non-nuclear density control shall be inoatance with the procedures outlined in this
manual. Nuclear density shall be determined by the battks method of testing using a nuclear
gauge with thin-lift and printer capabilities, which hasen approved by the Department. The
Contractor shall furnish, maintain, and operate thesitegauge. The density gauge operator shall
have been certified by the Department. The density gabglt have been calibrated within the

previous 12 months by a calibration service approved byOiapartment. The Contractor shall

maintain documentation of such calibration for a 12-imgeriod.

All density gauge readings taken for either density acceptanestablishment of a target density in a
control strip must include:

* Recording density results on the appropriate QMS formégo(d the average of 5
readings if using a non-nuclear gauge)

e “Storing” gauge density measurements in gauge memory

* Printing density measurements stored in gauge memory

* Providing gauge printouts and appropriate QMS form(s) to theeQresentative

All density measurements taken with a density gauge musiadeed on the pavement by tracing the
“foot print” of the device. If an area is re-rolldtie test site must be re-tested and a comment placed
on the test report as to the reason. Any repeateagiof’any density gauge to “cherry pick” or find

a passing density result or core site is a direct vamiadf testing procedures and could be deemed as
falsification. For resurfacing projects where condtioof the existing pavement may influence the
density results, it is recommended that the Contraatml Engineer simultaneously evaluate the
existing pavement prior to the placement of a new asphial The information recorded from the
evaluation can aid in the final acceptance process.

The minimum frequency of sampling and testing shall beéherbasis of test sections consisting of not
more than 2000 linear feet (600 linear meters) or frachenreof per day, on pavement placed at the
paver laydown width Do not divide full test sections, consisting of 200@dinfeet (600 linear
meters), unless otherwise approved by the EngineeanAsception, when a day’s production is less
than 6,000 linear feet of laydown width, the total lengdved may be divided into 3 equal test
sections, provided that nuclear testing has not alreeclyrieed or core sample locations established.
Nuclear or non-nuclear gauge readings taken for densitpiarwe or establishment of a control strip
must be taken after the finish (or final) roller ltasnpleted the compaction operation. If the fraction
of a test section remaining at the end of a day & tlean 100 linear feet (30 linear meters), it is
recommended that the density be represented by thesreduthe previous section provided the
approved compaction equipment and procedures are used. tatherf remaining is at least 100
linear feet (30 linear meters), it will be consideredeparate test section and shall be sampled and
tested accordingly. When utilizing a nuclear gauge, stintefrequency shall consist of five random
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gauge readings (one random reading from each of five (5)iegpated increments) from each test
section. In addition, not less than five (5) nuclearggareadings (one test section) shall be taken from
any acceptance lot of a given mix type. When utilizngon-nuclear gauge, the testing frequency
shall consist of five randomly located test sitesnfreach test section. Five individual gauge readings
will be taken at each test site and the results wilaleraged to determine the percent compaction.
Only the average of the five non-nuclear gauge readintybeavrecorded on the appropriate QMS
form and stored in gauge memory for printing. In additimat, less than one test section (25 non-
nuclear gauge readings) shall be taken from any acceptdrtdea given mix type.

Sample and test all pavements that meet the followitgyia unless otherwise approved.

1. All full width travel lane pavements, including:

Normal mainline and -Y- line travel lane pavements

-Y- line travel lane pavements of uniform thicknesgiersections
Turn lanes

Collector lanes

Ramps and loops

Temporary pavements

2. Pavement widening 4.0 feet (1.2 meters) or greater

3. Uniform width paved shoulde?sO feetor greater

~0 Q0o

For all mix types that meet the following criteriasecified density will not be required provided the
pavement is compacted using approved equipment and procedures.Engimeer may require
occasional density sampling and testing to evaluate ahgaction process. Densities lower than
specified will be evaluated in accordance with Article-B05

1. Pavement widening of four (4) feet (1.2 meters) or IBsses and intermediate mixesurface
mix types not included)

2. Pavement used in intersections, all mix types usedensectiongexclusive of full width travel
lanes of uniform thickness)

3. Pavement used in tapers and irregular areas which hapessthat may make them difficult to
compact. This applies to all mix types.

The Contractor shall maintain minimum test frequenaes established above. Should the
Contractor’s density testing frequency fail to meetris@mum frequency as specified above, all mix
without required density test representation shall bsidered unsatisfactory and if allowed to remain
in place, will be paid for in accordance with Article 1B%f the Standard Specifications.

QC nuclear or non-nuclear density tests shall be coedube same day that the mix being tested was

placed and compacted. Should the specified density tesbe reampleted within the applicable time
frame, production will cease at that point until suctettime required tests are completed.

CONTRACTOR’S CONTROL STRIP PROCEDURES (QC)

Location
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It is the Contractor's responsibility to determindieropatterns and establish acceptable control strips
at locations approved by the Engineer. The Contrashail notify the Department’'s Roadway
Inspector sufficiently in advance of the placementaoitiol strips to allow establishment of QA target
density and to witness the QC technician’s StandarcdtO8rocedure. The subgrade, base or existing
roadway material on which the control strip is comnstted must be representative of the majority of
material where the test sections will be constructed.

Frequency (Control Strips)

A control strip shall be placed within the first testtion of each job mix formula on a contract
provided sufficent mix is produced to construct a 300 footrobstrip. After the initial control strip
on each job mix formula is placed, a control stripld&placed at a minimum of every 14 calendar
days. A control strip placed for any of the belowelisteasons will suffice for this requirement.
1. Control strips shall be placed anytime one or motd@following JMF changes are made:

a. Any percentage change in binder content

b. An aggregate blend change in excess of +/-10%

c. Any change in G, or Gy, on the IMF
2. Control strips shall be placed for each layer of mix
3. Control strips shall be placed anytime the underlyimtase changes significantly.

4. Control strips shall be placed for different layer khiess of the same type mix when the specified
thickness varies more than +/- %2 of an inch (12.5maillers).

5. Control strips shall be placed anytime the Contrastproceeding on a limited production basis
due to failing densities.

6. Control strips shall be placed anytime a new, ribred¢d, or different density gauge is initially
used.

7. Control strips shall be placed if a different plant isdis

8. The Engineer may require control strips anytime hedsleens necessary.

Mix Sampling Requirements for Control Strips

Quality control mix sampling and testing shall be perfeatron the mix in accordance with Subarticle
609-5 (C)2 of the Specifications, except when placing mia dmited production basis due to failing
densities. In this case, a full test series shajpdrdormed on the actual mix placed in each control
strip. When a mix sample is required to be taken inucmtipn with a control strip, that sample will
not substitute for the next randomly scheduled QC mix sarfglethat tonnage increment.
Subsequent QC mix samples will be taken at tonnagescordance with normal random sampling
procedures. When placing mix on a limited production bdsescontractor’'s QC plant personnel will
notify Roadway personnel as to which truck the samptaiken from. The notification method will
be at the Contractor’s option (Radio, telephone, anel oo load ticket, etc.)
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Numbering (Control Strips)

1. Control strips for a given contract shall be numthex@nsecutively byype mix, regardless of plant
furnishing the mix. However, if a control strip is aeafor mix out of a second plant, the number
for this control strip will be followed by the suffih -- a third plant control strip would be
followed by a B, etc. For example: 1st plant C.S. @dod 1, 2, 3; 2nd plant C.S. would be 4A,
5A, 6A; 3rd plant C.S. would be 7B, 8B, etc.

2. Each type mix will have a separate series of costrip numbers.
3. Both passing and failing control strips will be numbexad reported to the Engineer.
4. If a secondary gauge is used on a control strip for-bpghkurposes, the secondary gauge control

strip will be numbered with the same numbers as usethdoprimary gauge except that it will be
followed by the suffix "S".

Establishment of Control Strip (QC Procedures)

To establish a control strip, asphalt shall be placeé section of roadway approximately 300 feet
(100 meters) in length. The width shall be equal to dgedbwn width of the paver. The material
should be of a depth equivalent to the layer depth shotiiplans or required by the Specifications.
The Engineer may determine that the control striperasentative of the shoulders and that the
control strip may be used to determine the required defasitthe shoulders. If shoulder control
strips are constructed, they should be constructed ttulttehoulder width and the depth shown on
the plans.

The density obtained on the control strip determinesdéimsity required for that layer until the next
control strip is constructed. It is, therefore, venportant that the compaction equipment used on the
control strip is operating properly and is capable of catnmz the material. The same equipment
should be used to compact the pavement after the catitiplis compacted. Reference should be
made to the applicable sections of the Specificationsinimum equipment requirements.

In order to achieve a complete and uniform coveragegcdingpactive effort shall consist of roller
passes made over the entire control strip surface.akBosvn rolling shall be performed at the
maximum temperature at which the mix will support thderslwithout moving horizontally. The
breakdown roller should normally be operated with theednteel nearest the paver. The Contractor
will be responsible for carrying out the compaction afien in such a manner as to obtain the
required density uniformly over the entire control striphe compaction rolling shall be completed
prior to the mixture cooling below a workable temperature

In order to ensure complete and uniform coverage, theacime effort shall consist of individual
roller passes made over the entire control strip seufd€ach coverage should be completed before
beginning the next. The density gauge operator shouldwabodes rolling operation to ensure that the
control strip is rolled uniformly. The random locatoof core samples from the control strip will not
be marked on the pavemamttil the compaction operation in the control strig baen satisfactorily
completed. Cores within a control strip shall be cud eemoved prior to opening that section to
traffic.
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Control Strip Core Samples

1. Five (5) core samples shall be taken in a contrpl sIf a core is damaged, follow procedures for
check cores.

2. Core samples in the control strip shall be placedtardie of fifty 50 feet (15 meters) apart.
3. Core samples shall be located randomly across thb of the mat.

NOTE: The results of the cored samples and their avevdigee reported at the top of M&T Form
514QA/QC.

Numbering Core Samples From a Control Strip

Core samples from control strips will be numbered afingrto guidelines for numbering all core
samples. The letters “QC” will follow all sample nuen.

When placing two mix types on the same project, carglkes will be numbered as follows:
| 19.0B ' Control Strip (core samples) 1QC, 2QC, 3QC, 4QC, 50€Cantrol Strip (core
samples) 6QC, 7QC, 8QC, 9QC, 10QC, etc.

S 9.5A F Control Strip (core samples) 1QC, 2QC, 3QC, 4QC, 5Q€Cantrol Strip (core
samples) 6QC, 7QC, 8QC, 9QC, 10QC, etc.

Procedures for Checking Core Samples From a Control Strip

Check core samples may be taken by the Contracteitfar of the following reasons:

1. When a control strip fails and a core sample(s) isentioan 2.0 percent below the average
of the control strip, that core(s) may be checked.

2. One of the original core(s) is damaged.

For each core sample that is to be checked, take 3 shagkes as follows: one adjacent to the initial
sample and one ten feet (3 meters) in each directiagjtudinally, of the initial sample. The results
of these 3 check samples will be averaged and this avetthge used in lieu of the initial core results
in question. The initial core samples will not be usetieck samples are taken. Check samples must
be taken within 2 calendar days of the initial samp@nly one set of check samples per sample
location will be allowed. The separation of the layerbe tested will be the responsibility of the
Contractor. Take all check samples in the presenaaepresentative of the Engineer. In addition, a
QA comparison core sample(s) may be taken adjacenhé¢ooo more of the check samples. To
establish the control strip, 2 nuclear gauge readings rnausba taken at each of the 3 check sample
core sites. The gauge readings taken on the left siéaabf check core will be averaged and will
replace the left gauge reading taken at the original aae She same procedure will be followed for
the gauge readings taken on the right. The results fref® thheck cores and 6 gauge readings will be
used to calculate the target density. If using a non-augauge for density acceptance testing, 5
gauge readings will be taken at each of the 3 check sampdesttes. The non-nuclear gauge
measurements taken at each check core site will regieceriginal core site measurements. The
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results from the 3 check cores and 15 non-nuclear gaugegeadlhbe used to calculate the target
density.

Numbering Quality Control Check Core Samples

The specifications allow check samples adjacent to ahginal core and 10 feet (3 meters)
longitudinally each side of the original core.

All check samples will carry the same base numbeha®tiginal core sample followed by a, ©;,
and G series of suffixes.

Example: If core number 8 is in question, the check sangple will be:
8G (10’ / 3m down station), 8Gadjacent), and &J%10’ / 3 m up station)

Retention of Control Strip Core Samples

The Contractor’s control strip core samples shatidbained for five (5) calendar days at the plant site
or until disposal permission is granted by the quality asser personnel, whichever occurs first. The
QA personnel will retest 100% of the control strip coreBhe Department’s comparison quality

assurance core samples shall be retained in a sealetheo at the plant site until obtained by quality
assurance personnel. All retained samples shall bedstn a smooth, flat surface in a cool, dry
protected location.

QC Target Density

Before establishing the QC target density, the QA Ragdwspector and/or the QA nuclear gauge
operator will witness the Standard Count procedure folQ@enuclear gauge(s). Likewise, the QC
nuclear gauge technician will withess the Standard Cowtdepure for QA nuclear gauges. If the
standard counts pass, these Standard Counts will be rdaomdbe M&T 514QA/QC form. It is not
necessary to perform another daily standard count sgdlgiffor a control strip, so long as the
Department witnessed the QC standard count that dayhanahdterials, and underlying base have
not changed.

After the Contractor has completed compaction of tharol strip, the QC Density Gauge Operator
will conduct ten (10) nuclear gauge density tests, two @Jings at each of the five (5) random core
locations in the control strip. The nuclear gauge regdemall be performed directly on the core site
(refer to Figures 4 or 7). Do not move the nuclear gaugetineen each measurement. When testing
with a non-nuclear gauge, the density gauge operator wilusi twenty-five (25) non-nuclear gauge
density tests, five (5) readings at each of the fiverdaflom core locations within the control strip.
The surface of the material being tested shall be 8mpioor to any tests being performed. The
results of the gauge measurements will be averaged amdsiligng average density will be used in
determining the target density for all test sectiorisgoeonstructed in conjunction with a particular
control strip. The target density will be determineddiyding the average density by the average
percent compaction of the five (5) core samples froenctintrol strip. Test section densities will be
expressed as a percentage of the target density.

The final density of the control strip shall be asieequal to the minimum density specified for the
mix based on the maximum specific gravityn((k In addition to determining the target density, the
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following procedures and tests will be performed to asthaethe final density of the control strip
meets the minimum density requirements:

1. Prior to opening the control strip area to trafficno later than the beginning of the next day
following the completion of the control strip, the @@ator shall core five (5) samples from the
control strip. The density of each cored sample walldetermined in the QC field laboratory.
Artificial cooling of the pavement layers by the Qauator will be permitted in order to obtain
cored samples as quickly as possible. No compensatibibenihade for the cost of artificial
cooling. Cored samples shall be taken in accordanteSuibarticle 609-5(D).

2. During the time between the completion of the cdistrgp and the determination of the density of
the cored samples, the Contractor will be permittedotatinue to place pavement which will be
evaluated on the basis of a calculated target densityndieésl by multiplying the unit weight of
water (62.4 pcf) by the maximum specific gravity of thex.miEvaluation of the test sections
during this time period will be based on this calculatedeta density, provided all other
specification requirements are met. Once an acceptabiielated target is established, all
previous test section densities shall be re-calculated thss correlated target.

3. If the average density of the five (5) cored sammeatileast equal to the minimum density
specified for the mix, the control strip is consideratidvand paving may continue in the normal
manner.

4. If the average density of the five (5) cored samplés tiaimeet the minimum density, specified for
the mix, the control strip will be considered unaccdptabThe Contractor shall immediately
construct a new control strip in accordance with tlipions of Items 1 through 3 above.

5. If the second control strip also fails to meet thaimum density specified for the mix, placing of
pavement shall proceed on limited production basis asedefinder “LIMITED PRODUCTION
PROCEDURES” in Section 10-10 of the current HMA/QMS Mdnua

6. Check samples may be taken on any control strip conples, but must be in accordance with
“Procedures for Checking Core Samples from a Contrap"Saéis previously described in this
manual (Subarticle 609-5(D)1 of the Specifications). A temget density will then be determined
using the new core sample average and the new averape ghuge readings. This process
should be completed as soon as possible after thé datarmination of a target density since it is
the controlling factor in checking density thereatfter.

7. Once a correlated target density is established, itbeilused thereafter to determine density
acceptance until a new acceptable target is obtaingldomix. For control strips required every
14 days, all mixed placed the same day as the contiphgtlrbe accepted based on the target
density established in that control strip. Once thesithe results of the cored samples from the
new control strip are determined and a new acceptatgettdensity established, the new target
will be used to determine acceptance for that mix plakeahg the day’s production thereafter
until another 14 calendar day control strip is requiredyhath time this process is repeated.

8. If more than 17 calendar days have lapsed since last asiogrrelated target density, the
procedures for obtaining a new correlated target, adetbtailtems 1-7 above, shall be followed.
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However, the current maximum specific gravity movingrage will be utilized to determine the
calculated target instead of the JMF maximum specificitgrav

OC/OA Nuclear Density Control Strip Procedure

10 Nuclear Gauge Readings (2 @ 5 core locations ) wiliken within the 300’ (100m) control strip.
5 Core Samples will be taken at 50’ (15m) intervals, ranylacross the width within the 300’ control strip
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All gauge operators (QC/QA) shall be
approved by the NCDOT.

QC gauge operator shall confirm with the D
Roadway Inspector on when and where the
control strips will be placed.

The DOT Roadway Inspector ghmform the
QA Supervisor andr the QA nuclear gau
operator of the control strip placement.

<~————106m) —>

Begin Construction
and 1% test sectiol

Begin Control S@p

0+0C

The QA Roadway Inspector and/or the
Nuclear gauge operator will witness
Standard Count procedure for the QC nuc
gauge(s). Likewise, the QC Nuclear ga
technician will witness the Standard Count
procedure for QA nuclear gauges. Tdes
Standard Counts will be rec®d on the M&1
514QA/QC form.

Two nuclear gauge readingslive taken a
each core sample site. The nuclear g
readings shall be performelitectly on the cor
site. The nuclear readings shall be compare
the core sample results and a nuclear t
density shall be determined using the M&T '
QA/QC form

QA Personnel will establish their own tar
density from control strip results, if possible
it is not possible to take QA readings from
control strip, the QA target density will

determined by multiplying the appropri
Specific Gravity (Gmm)times 62.4 Ibs/c.
(1000 kg/m)

= QC and/or QA Nuclear reading
= Core Sample ( 5 core samples per control

300’

10C
Q

2QC

End Control Strip

A control strip
shall be placed
within the first
nuclear density test
section of each job
mix formula on a
contract provided
sufficient mix is
produced to
construct a 300
foot control strip.
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TEST SECTION PROCEDURES (QC)

Establishment of Test Sections
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A test section is the testing unit for compaction.e Téngths of these test sections shall be no more
than 2000 linear feet (600 meters) or fraction thereotipgron pavement placed. If the fraction of a
test section remaining at the end of a day is less i linear feet (30 linear meters), it is
recommended that the density be represented by thesreduthe previous section provided the
approved compaction equipment and procedures are used. Thefaidéhtest sections shall be the
same as the paver laydown width. The first test@eetill begin with the first load of each type mix
on each contract.

Test sections will be checked for acceptance as poedcriThe material used in a test section shall be
from the same source and shall be of the same tyihe asaterial used in the applicable control strip.
The depth of a test section shall be equal (+/- ¥4habof the control strip previously constructed for
use with the test section involved except in casesemtzadway control strips are used to determine
required density for shoulder material.

Testing a Test Section

The test sections shall be divided into five (5) equghats each from which one test site is to be
located. The location of the test site within thgreent is to be at random. Do not identify, mark or
take acceptance measurements on the test site untfintieor finish roller has completed the
compaction operation. Refer to the instructions &mdom sampling in this manual.

Before testing begins with a nuclear gauge, the dailydatdncount should be compared to the
standard count used to construct the active control siirige daily standard count should be within
the allowable Standard Count Range. The upper rangeslioaiculated by taking the standard count
used for the construction of the active control stng adding 1%. Likewise, the lower range limit is
calculated by subtracting 1% from the standard count usedniruct the active control strip. This
allowable range is computed and recorded on the M&T — 514QA0QQC

As long as the daily standard count passes the systethsystem 2 requirements of the gauge and is
within the allowable Standard Count Range for the actiontrol strip, testing may be performed.
However, if either the daily standard count does not theessystem 1 and system 2 requirements, or if
the standard count is outside of the allowable StandawhtC®ange from the active control strip,
then another standard count must be taken until it pasegeria.

Once the daily standard count is accepted and test Insdi@ve been determined, a nuclear density
test will be taken at each site. If a non-nuclear gasidgpeing used 5 density measurements will be
taken at each test site and the average of the taknges will determine the density for that particular
test site and recorded on the appropriate form. Reféigtoe 8 in this manual for the testing pattern
of a PQI 301 gauge and Figure 9 for the testing pattern oVetrBeker Plus 2701B gauge. The
results shall be in % compaction, tabulated on TedtiddeDensity Form M&T 516QC and the five
test sites averaged.

Testing full width travel lanes in an intersectionglasive of mainline pavement) will be performed by
using the correlated target density established on tiimeapavement. All combined intersection
travel lanes paved during a day’s production shall be caesidetest section for testing purposes and
a lot for acceptance purposes. Each lot establishedtérsections shall have 5 randomly selected test
sites. If in the opinion of the Engineer, the pavemeran intersection is not representative of the
mainline pavement, a specified density will not be reguprovided the Contractor is using equipment
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and procedures approved by the Engineer. The Engineermayer occasional density sampling and
testing to evaluate the compaction process.

Numbering Test Sections

Asphalt test sections will have a separate seriesimbers for each type mix per paving operation for
each contract. Test sections for a given contrhatl ¥ numbered consecutively bype mix,
regardless of plant furnishing mix. When the Contrabts more than one crew placing the same mix
on the same project, the test section numbering wvillconsecutively. If more than one paving crew
is placing the same mix designate a crew number andaimathiat designation throughout the entire
paving project. The crew designation should be indicateth@@@MS Forms: 514 QA/QC, 515 QA,
and 516 QC.

Test Section Requirements

Unless otherwise specified in the contract, the requensity for all superpave mixes shall be as
follows:

Type Maximum Specific
Mix Gravity (AASHTO T-209)
B 25.0 92.0
1 19.0 92.0
S125&S9.5 92.0
SF 9.5A 90.0
S 4.75A 85.0@P

(a) All S 4.75A pavement will be accepted for density in adaace with Article 105-3
(b) Compaction to the above specified density will be reqguvben the S 4.75A mix is
applied at a rate of 100 Ibs/sy (55 k§/m

The actual test section density will be determinechkbyaverage of five (5) nuclear density tests made
at random locations within five (5) equal segments eftést section. If using a non-nuclear gauge the
actual test section density will be determined by thexage of twenty-five (25) non-nuclear density
tests made at random locations with the five (5) eqegrhent of the test section. This actual density
will be compared to the target density to determine ciangs.

If the average fails to meet the above requiremehts,tést section will initially be considered as
failed, but additional rolling may be performed by the Cactor. A note should be made to the effect
that this section was re-rolled. In this case, piaoee of the test section will be based on the geera
after re-rolling.

If the QC test results indicate failing density of the based on the calculated target, that mix bway
subject to pay reduction or removal in accordance with drovisions of Section 610-13 of the
Specifications. Once the correlated target densitheiermined and if the recomputed densities still
indicate that the mix fails to meet the requiremepexiied in Section 610-13 of the Specifications, it
will be subject to pay reduction or removal. If theamputed densities indicate passing results, the
mix will be accepted as passing.
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Procedures for Re-testing a Nuclear or Non-nuclear Sesion

When nuclear or non-nuclear control is being utilized atest section is more than 2.0 percent below
the lot average, the Contractor may elect to rettedttest section.

All re-testing shall be performed in the presence i#paiesentative of the Engineer. The re-testing of
test sections must be performed within 2 calendar dagseadate of the initial sample. A test section
will only be re-tested once. In addition, QA comparismglear or non-nuclear density readings may
be taken at all locations.

Re-testing of test sections will be performed asvail:

1.) 5 new random test sites will be determined jointly \aittepresentative of the Engineer.

2.) All re-test readings must be stored and printed

3.) The average of these 5 new nuclear readings or 25 newuaterr readings will replace the initial
test section results.

4.) The lot average will be recalculated.

DENSITY LIMITED PRODUCTION PROCEDURES

The Contractor shall operate on a limited productionsbisfor the same mix type, one of the
following items occurs.

1. Two consecutive failing lots, excluding lots represenéingndividual resurfacing map or portion
thereof.

2. Three consecutive failing lots, with each lot repréagran individual resurfacing map or portion
thereof.

3. Two consecutive failing control strips.

Pavement within each construction category (New arteidt as defined in Article 610-13, and
pavement placed simultaneously by multiple paving crewsbheilbvaluated independently for limited
production purposes.

Once the Contractor is placed on limited production la¢ stmain on limited production for that mix
type regardless of the plant or IMF. As an exceptim Engineer may grant approval to produce a
different mix design of the same mix type if Quality @ohand Quality Assurance plant mix test
indicate the failing densities are attributed to the pigblem(s) rather than compaction related
problems. _The determination of whether a mix probéxists at this time made by QA personnel
(normally the QA Supervisaor)

Limited production is defined as the production, placemetitcampaction of a sufficient quantity of
mix to construct a 300-ft. control strip plus 100 ft. of pagetradjacent to each end of the control
strip.

The contractor shall remain on limited production ustith time as satisfactory density results are
attained or two control strips have been attemptedowitiachieving acceptable density test results,
whichever occurs first. Should the contractor fail @chieve satisfactory density at this point,
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production of that mix type shall cease until such timeha cause of the failing density test results
can be determined. As an exception, if there are noiggaty problem(s) at the same time that limited
production occurs due to failing densities, the Contratiay elect to produce a different mix design
of the same mix type. The determination of whethemaproblem exists at this time will be made by
the QA Supervisor.

When proceeding on limited production due to failing denshg, 500 feet of pavement, which
includes the control strip, will be considered a lohe Rverage density of the five control strip cores
will be used as the density result for acceptance ofdhan accordance with Article 610-13.

Should the Contractor not operate by the limited prodagiimcedures as specified above, the failing
lots and all mix produced thereafter will be considereccgiatable. This material shall be removed
and replaced with material, which complies with the #patons. The final in-place materials will be
accepted in accordance with article 105-3.

QUALITY ASSURANCE OF DENSITY

Quality Assurance is a process of sampling and/or tedtexontractor’s product and monitoring his
operations to confirm that the Quality Control resalte adequate and accurate. The Department
shall provide a certified gauge operator for this purpose.

Quality Assurance testing shall be accomplished indleafing ways:

1) Re-testing randomly selected quality control (QA tesiglear or non-nuclear test
sections at a frequency equal to or greater 8%nof the required Quality Control
density gauge testing frequency;

2) Periodically observing tests performed by the Contracto

3) Conducting verification testing (“V” test) on nuclear mwon-nuclear test sections at
different random locations within the same QC testiges, at a frequency of at least
10% of the required QC sampling and testing frequency;

4) By periodically directing the recalculation of random nensbfor the Quality Control
density gauge test locations. The original QC testtitmes may be tested by QA and
evaluated as verification tests;

5) Periodically requiring the Contractor to retest markest sge(s) in the presence of a
certified QA gauge operator;

6) Witnessing the daily quality control nuclear gauge StandatchOprocedure;

7) Witnessing the Pavetracker 2701B Reference Count;

8) Requesting the QC to take a density reading on the ReéerBlock to verify
Pavetracker is measuring correctly

9) Witnessing the PQI Test Block Procedure;

10)  Verifying PQI Test Block results are within tolerance

11) Retesting 100% of all nuclear or non-nuclear contrgb stores; or

12)  Any combination of the above.

OA Nuclear or Non-nuclear Control Strip Procedures
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There will be no separate QA Nuclear or non-nucleart©bStrips constructed unless directed by the
Engineer. The Engineer will monitor the constructidrabQC nuclear or non-nuclear control strips

by having a representative present during constructi@ti obntrol strips. The Contractor, subject to

the Engineer’s approval, will determine the locatiom @bntrol strip and the core samples within it.

When the control strip is used to establish a targedityethe Quality Assurance gauge operator will
conduct ten (10) nuclear density tests, two (2) eaclaa(%) core locations in the control strip. The
results of the ten (10) tests will be averaged and theltirlg average density will be used in
determining the target density for all test sectionsgotested in conjunction with a particular control
strip. When testing with a non-nuclear gauge, the QA gapgeator will conduct twenty-five (25)
non-nuclear gauge density tests, five (5) readings atadable five (5) random core locations within
the control strip. The target density will be deteediby dividing the average density by the average
percent compaction of the five (5) core samples frarctmtrol strip.

The Engineer may elect to take QA comparison core ssngaljacent to any or all QC core samples
within a control strip.

If for whatever reason, the Engineer cannot determitarget by taking the ten (10) nuclear gauge
readings from a control strip, he may elect to deterrmairQA target density by use of the maximum
specific gravity. In this case, the target density @ determined by multiplying the maximum
specific gravity by the unit weight of water (62.4 Ib%/ft This method can not be used when testing
with a non-nuclear gauge. Non-nuclear gauges must beatatibro the mix by establishing a target
density from a control strip.

Test section densities will be expressed as a perceotape target density. The QA control strip
shall have the same number as the QC control sttiipthe addition of the suffix QA.

OA Test Section Procedures

The Department’s Quality Assurance Gauge Operator wilomly select quality control test sections
at a frequency of 5% or more of the same sectionsddst the contractor. The location of the test
within each of the 5 equal segments will be at the seandom QC test location. The QA test
sections will have the same base number as the §Gseetions followed by the suffix QA. The
results shall be recorded in percent, tabulated oneetbs density form M&T 515QA and the five
(5) test sites averaged.

QA Density Verification Testing

Verification testing is an integral part of the Depati’s quality assurance process. It is independent
testing performed by the QA personnel to help assuradpiealt mat is adequately compacted. Listed
next are the Department’s current guidelines on vetitinatesting for density control. It is very
important that all personnel involved with the QMS dgn®sting procedures on asphalt pavements
are knowledgeable of these requirements and guidelines.dStimgsle test results vary considerably
from the Contractor's QC results or fall below thenimum specification acceptance limit, further
testing may be directed by the Department which thelddme used as part of the acceptance process.

Roadway Density Nuclear or Non-Nuclear Gauge Procedures
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a) The verification requirement will be satisfied by thepartment’s nuclear gauge operator
assuring that at least 10% of the required number of Quadtytrol test sections are
tested by determining a new set of random sample losatither than those used by the
QC gauge operator. All verification same numbers andloranlocations will be
documented in a field book by the QA gauge operator. Refe8ection 10 of the
HMA/QMS Manual for an example.

b) These verification test sections will be in additit;m the minimum 5% required QA
samples.

c) Verification test sections will be numbered by the D@ensity gauge operator. These
verification test sections will be at random locasiavithin the same test section as the QC
test section. Verification test sections will hanbered by using the same base as the QC
test section followed by the suffix “V”. ie 1V, 5V, 10¥ic.

When the Contractor has more than one paving creth@rsame project the same day,
using nuclear or non-nuclear density control, verifmatamples will have the same base
number as the QC test section followed by the suffix “Designated the crew number of
the paving crew and list the information and the apprte@MVS forms. Documentation
of these verification test sections will be on #ppropriate QMS nuclear or non-nuclear
density forms. These forms shall be maintained @& phoject files by the Resident
Engineer.

d) In addition to the above, random cores will be takemthip by the IAS section of the
Materials and Tests Unit, except on projects “opentradfic, on which random control
strip core samples will be picked up by IAS for comparitsting by the Materials and
Tests Unit.

Differences between the Contractor’s quality conintl the Department’s quality assurance test
results will be considered acceptable if within théofeing limits of precision.

Test Acceptable Limits of Precision
Gauge Comparison of QC Test Section
(average of tests in test section)
Retest of QC Control Strip Core Sample +/- 1.2% (percentpaction)

+/- 2.0% (percent compaction)

In the event test results are outside the above attepitaits of precision, or the quality assurance
test results are below the minimum specification reqergs, the Engineer will immediately
investigate the reason for the difference. If theeptél for a pavement failure is present, the Engineer
may suspend production as stated in Article 108-7 of the Sthn8pecifications while the
investigation is in progress. The Engineer’s investigaimay include checking of the Contractor’s
testing equipment, comparison testing of other quality robriests, or additional testing of the
roadway pavement in question. If additional tests acessary to resolve the difference, these tests
will be performed jointly by the Contractor’'s qualitgrdrol and the Department’s quality assurance
personnel. If the reason for the difference caneoddtermined, payment for the mix in question will
be determined in accordance with Article 105-3 of the d&tah Specifications. If the reason for the
difference is determined to be an error or other discrey in the quality control test results, the
applicable quality assurance test results will be used terrdime compliance with the Specification
density requirements.

ACCEPTANCE OF DENSITY
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The Department will evaluate the asphalt pavement fosifecompliance after the asphalt mix has
been placed and compacted using the Contractor’s qualityotdast results, the Department’s
guality assurance test results, including verificationpdasn and by observation of the Contractor’'s
density quality control process conducted in accordanck @é@ction 609. Minimum density
requirements for all mixes will be as specified in deti610-10, Table 610-4. Density acceptance will
be as provided herein. Core sample densities will bermieted by use of the average maximum
specific gravity (Gn), until a moving average of the last four maximum spegifavities is attained.
Once a moving average of the the last four maximum fepgcavities is established, the last.{
moving average in effect at the end of the same dagdugtion will then be used to determine
density acceptance.

The pavement will be accepted for density on a lotdbybhsis. A lot will consist of one day's
production of a given job mix formula on a contact. afisexception, separate lots will be established
when one of the following occurs:

1) Portions of JMF placed on a given day in both “New” &@dher” construction
categories as defined below. A lot will be estabtisfte the portion of the pavement
in the “New” construction category and a separatedotttie portion of pavement in
the “Other” construction category.

2) Pavement is being placed on multiple resurfacing maps, suok®rwise approved
prior to paving. A lot will be established for eactiwdual resurfacing map or portion
thereof, unless otherwise approved.

3) Pavement is being placed simultaneously by multiple pawews A lot will be
established for the pavement placed by each crew.

4) Pavement is being placed for intersections
5) Portions of the JMF placed in different layers
6) Control Strip are placed during limited production
The Engineer will determine the final category and qtyantieach lot for acceptance purposes.

The “New” construction category will be defined as pasets of uniform thickness, exclusive of
irregular areas, meeting all threkthe following criteria:

1) Pavement placed on a new aggregate or soil base compa¢hedspecified density or
pavement placed on a new asphalt mix layer (excluding wgdgid leveling);

2) pavement which is within a designated travel lane efitfal traffie pattern; and
3) pavement which is 4.0 feet (1.2 meters) or wider.

As an exception, when the first layer of mix is pthosm an unprimed aggregate base, the layer will be
included in the “Other” construction category.

The “Other” construction category will include all paverhexcept as described above.
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A failing lot for density acceptance purposes is defined ld which the average of all test sections
fails to meet the minimum specification requiremenin addition, any lot or portion of a lot that is
obviously unacceptable will be rejected for use in thekw

If the Engineer determines that a given lot of mixalHalls in the “New” category does not meet the
minimum specification requirements, but the work is reablty acceptable, the lot will be accepted at
a reduced pay factor in accordance with the followinghida. The reduced pay factor will apply only
to the mix unit price.

PF = 100 — 10(D)*®

where:
PF = Pay Factor (computed 164).
D = the deficiency of the lot average dgnsi
not to exceed 2.0%

Acceptance of all failing lots in the “Other” categavifl be made under the provisions of Article 105-
3 of the Standard Specifications.

When the deficiency of the lot average density excéeelsninimum requirement, the Engineer will
determine whether or not the mix is reasonably aebdpt If determined to be reasonably acceptable,
the mix will be paid at an adjusted contract price inoedance with Article 105-3 of the
Specifications. If it is determined not acceptable mhix will be removed and replaced with mix
meeting the requirements of these specifications. rédyction in pay due to failing density will be in
addition to any reduction in pay due to failing mix propéest results on the same mix.

Perform the production and construction of all asphatturés and pavements in accordance with
these provisions. There will be no direct paymentfork covered by this provision. Payment at the
contract unit prices for the various asphalt items lvlifull compenstion for all work covered by this

provision.

FIELD DENSITY ASSESSMENT PROGRAM

Mission
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To evaluate the capabilities of the project personriel are performing the Quality Control (QC)
and/or Quality Assurance (QA) testing on FHWA funded ptsjdy observation and comparative
testing and sampling.

Scope

Evaluation and assessment shall be performed on QC Anmke@onnel on Design/Build projects and
those QC and QA personnel utilizing the Nuclear DerSiiyige on Asphalt bases and pavements.
Evaluation and assessment shall also be performed @ONGnd CEI personnel performing density
testing of embankments, subgrades, and aggregate base .courses

Observation

The Independent Assurance Inspector (IAl) is to obsaneeevaluate the project personnel perform
the testing/sampling procedure and the testing equipments iNdhides QC and QA personnel on
Design/Build projects and those QC and QA personnel nglitzie Nuclear Density Gauge on Asphalt
bases and pavements, as well as NCDOT and CEIl persperieiming conventional and nuclear
density testing. All equipment utilized in testing mustrbgood working order and calibrated prior to
the test. Any procedure that is performed improperlyhengart of the project personnel shall be
noted on a 901 form and brought to the attention of prpgaonnel. The project personnel have the
opportunity to review the appropriate testing/sampling maamelcorrect the procedural irregulaity.
If the project personnel proceed without performing anyembive action, then the 1Al shall contact
the Technical Trainer who shall resolve the issdgy procedural irregularity shall result in a poor
rating being assessed against the project personnet the intent of the Program to assess the
technician who is routinely performing the density ibgston any particular project. The 1Al shall
review project records to determine the techniciam wdutinely perform the tests, and arrange to
perform the assessment.

IA Test/Sample

Once the Al has observed the test/sampling procedwee vili perform a comparative test of take a
comparative sample at a location near the test/samelen accordance with the 1A Manual.

If the results of the correlation rate fair or poar iavestigation is required. If the investigation
determines that a procedural irregularity on the parh@fproject personnel, then a poor rating shall
be assessed against the project personnel.

Assessment Frequency

The 1Al shall assess each technician performing flelasity testing every 2 months.

Resolution of Testing/Sampling Procedural Irrequlations
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If the irregularity can be resolved on site, the netsmh shall be noted on the 901 form and a copy of
the 901 delivered to the Soils Engineer.

If the irregularity cannot be resolved then a Technicainer shall investigate and resolve the issue.
A copyy of the 901 is sent to the Soils Engineer. Taehmical Trainer prepares a report, which is
sent to the Soils Engineer and to the 1A Supervisor.

Suspension of Certification

If project personnel have one or more procedural irre§ylduring a certification period their
certification to perform density testing or matergdsnpling may be suspended.

Any falsification of testing or sampling informatiohadl result in suspension of certification.

The project personnel may regain their certificatigrdbmonstrating to the Soils Engineer that they
have the ability to perform the tests correctly. isThhall be done by successfully taking the
certification course offered by the Soils Engineeilowdver, if the certification was suspended due to
falsification, or any other action that is deemetdéacontrary to the proper spirit of this program, then
the suspension shall be permanent.

Resolution of Testing/Sampling Disparities

Disparity is the difference between the results of Iithdest/sample and the project results. If the
disparity is outside the correlation limits an invedi@ais required. If the investigation shows that
the disparity was a result of procedural irregularities the policy governing procedural irregularities
shall be followed. However, it is understood thasame cases there is no clear apparent reason why
a disparity occurred. Those cases shall not be coadides grounds for possible suspension of
certification.

Training

The IAI do not train the project personnel, nor doesl&i have any role in the certification process.
IAl's are to renew their certification in Conventa Density and ABC Sampling every year.

Confidence Limits Tables

ABC & Asphalt (Nuclear Density)
Properties Sign E_xcellen_t . .GOOd - . Fair -
Maximum Limit Maximum Limit Maximum Limit
% Compaction +/- 2.0 2.5 3.0

RECORD & REPORT FORMS

A typical set of forms utilized in Nuclear Testingifeluded in the following pages. The Contractor's QC
forms with required supporting documents shall be reddiyethe Contractor for at least three (3) yearg afte
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completion of the forms. The Department's QA forrmsllsbe stored indefinitely by the QA Labs unless
permission is given otherwise.

M&T — 514QA/QC
Rev. 10/01
NORTH CAROLINA DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
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CONTROL STRIP DENSITY

DATE [1]
Contract/Project No. [2] County _ [3] Control Strip No.__[4]
7
From Sta. [5] to Sta. [6] Lane 7]
Layer [8] Depth [9] Width [10] Route [11] Job Mix Formula_[12]
Gauge Serial No. [13] Material [14] Crevv[%lg]
STANDARD COUNTS ASPHALT CORE SAMPLES
Density
Core No. _Sta. %Compaction
| ] 6| System 1
[18] %
System 2
%
[17] Allowable Standard Count Range
+1.0% System 1 -1.0% [17] %
%
+1.2% System 2 -1.2%
%
Avg. % Compaction A)
Test Station ASPHALT (Wet Densily
1 [19] [20]
2
3
4
5
6
7
8
9
10
AVG. (PCF) [21] (B)
ASPHALT TARGET DENSITT
Average of Control Strip (PCF)+ Average of Cores (B-A) 100 = 22] YT arget Density (PCF)
A = Core Sample Average B = AverageCIF of Control Strip C = Correlated Target Density
cc: *Resident Engineer [White] *QA Copy Only
QA/QC Technician [Gold] [23]
Soils Engineer [Pink] Print Name Legibly w/ HICAMS #:
QA/QC TechnicianSignature [24]

NOTE: By providing this data under my signature and/or HICAMS certification number, | attest to the accuracy
and validity of the data contained on this form and certiy that no deliberate misrepresentation of test resultan
any manner, has occurred.

12-02
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INSTRUCTIONS FOR M&T 514 QA/QC

GENERAL NOTE: This form to be completed by both A and QC Nuclear Density Technicians when a control
strip is tested to determine a correlated target dengiefer to nuclear gauge operator’'s manual for contrgs s
frequencies.) The Contractor’s gauge operator will adveayrelate his/her gauge to the control strip corepbzsn The
Department’s gauge operator will correlate his/her gaugéhéocontrol strip samples at the same time as the
Contractor’s gauge operator, if possible. The Contraotast notify the Department’s Roadway Technician fasugh

in advance of placing a control strip so the Departroantprovide a gauge operator at that time. Distributfdhis
form should be as follows: The QC Density Technicidih maintain the gold copy. The QC Technician vatovide

the other two (2) copies to the Department’s RoadwahiTieian at the end of each days operation when aatattip

is placed. These will be attached to the daily roadwpgrt (M&T 605) and forwarded to the Resident Engineere Th
pink copy will be forwarded to the M&T Unit to the SolEsmigineer. The white copy will remain on file at Resident
Engineer’s office. When this form is completed by epartment’s QA gauge operator, he/she will keep the gold
copy. The QA Technician will give two (2) copies t@tNCDOT Roadway Technician and distribution will be the
same as above for the QC copies.

Date mix was placed, compacted and tested

Contract number or Project Number that mix is beiagga on (Not individual work order numbers)

County in which Contract is located

Sequential control strip number for each type mix bplaged (Refer to Nuclear Gauge Operators Manual for
procedures for numbering control strips)

5 Beginning reference station number of the contrgd st

6. Ending reference station number of the control strgpto exceed 300 L.F. from beginning of control strip

7. Lane on which control strip is placed (i.e. NBL - Lh., WBL - Rt. Ln.)
8

9

Ao

Layer of type mix being placed (i.e. B25.0C 1st layer, S2ruBlayer, etc.)
. Thickness of layer being placed (i.e. 1 %27, 1", 3 %t¢,)
10. Width of layer being placed (i.e. 10’, 12, 24’, etc.)
11. Road number or Route number (i.e. US-1 North, SR-1559,dtd0,
12. Job Mix Number of mix type being placed

13. Nuclear Gauge Serial Number (usually etched into haftleaear Gauge)

14. Type Material being tested (See JMF i.e. B25.0C, S9t6B, e

15. Crew number (once established remains the sareatioe project)

16. Actual number from gauge when taking standard counts withéysthe Department

17. Calculated Allowable Standard count range for subsequent dduys range is determined by adding = 1%
from the standard count.

18. QC or QA Core sample number, station number, and %action of core samples in the control strip. This
information is transferred from the QC-5 form

19. Actual station number control strip core samples weaieqal

20. Nuclear gauge readings in pounds per cubic foot. Two (2) gaadmgs must be taken on each core sample

location in the control strip. Five (5) non-nuclear gategedings must be taken on each core sample location in
the control strip (only the average of the five regdiwill be recorded on the form for each core locgtion

21. Average pounds per cubic foot of the ten (10) nuclear gaudengssor 25 non-nuclear gauge readings at core
sample locations

22. Correlated target density to be entered in gauge for dietiergrdensity of a sections (Avg. PCF divided by
core sample average x 100)

23. QA or QC Technician’s printed name and HICAMS nuclearggaoperators certification no., depending on
who completes form

24. QA or QC Technician’s signature certifing that dataessd on this form is true and correct.
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M&T 516QC

NORTH CAROLINA DEPARTMENT OF TRANSPORTATION Rev. 12/02
DAILY NUCLEAR DENSITY TEST SECTIONS / SUMMARY

Date [1] Control Strip Numbe [2] Crew No[2a]
Project No. (3] Job Mix Formula [4]
Map Number [5] Type Material [6]
Contractor [7] Layer [8]
Division [9] Gauge Serial No. [10]
CORE SAMPLE AVG.: (A) [11] AVG. PCF OF 10 READINS: (B) [12]
DENSITY EQUIVALENT TO 100% COMPACTION: C = (B +A)100 = [13] PCF
(B)Average of Control Strip (PCF)+ (A)Average of Cores =(C)=(B+ A x 100) = Correlated Target Density
Interim Density Checked With Calculated Target: 62.4 PCF x [14] = [15] Calculated Target
STANDARD COUNTS PCF s
[16]

TO BE COMPLETED BY QC NUCLEAR GAUGE OPERATOR

Test P F
Test Beginning End L INDIVIDUAL TEST RESULTS Sect. A A
Sect. Station Station A % COMPACTION Avg. S I
No. N % S L
E Comp.
)] 2 ©)] “ (O]
[17] [18] [19] [20] | [21]] [21] | [21] [21] | [21] [22] | [23]][24]

v v v v v v v v v v v

S o e s I e S N I

cc: Resident Engineer [White] ; i i 28
o0 Toahmon ol *Print Name Legibly w/HICAMsNo. [28]
Soils Engineer [Pink] [29]

*QC Technician Signature:

*By providing this data under my signature and/or
HiCAMS certification number, | attest to the accuracy
and validity of the data contained on thisform and
certifv tréag no deliberate misreonresentation of test



INSTRUCTIONS FOR M&T 516 QC
NOTE: (1.) All failing lots must be documented by Resident Engineen the QA-2B form. Contractor must be notified by

GENEIRALT ROTREY athiStRpR QENENeBhBER@ daily by Bentractor's Density Control Technician when
nuclear density control is being utilized to performldya&ontrol testing of the compaction process. Trhisn

is to be distributed as follows: The gold copy is na@ned by the QC Density Technician. Two (2) copies ar
given to the Department’'s Roadway Technician arachéd to his/hers daily roadway report (M&T 605) and
forwarded to the Resident Engineer. The Residaginger will then forward the pink copy to the M&T iUs
Soils Engineer and the white copy is kept by the ResiEingineer for the project files.

Actual Standard Count number from nuclear gauge (must b@ped each day)

1. Date asphalt layer is actually placed, compacted atebte

2. Sequential number of the control strip per mix type

2a. Crew Number (once established remains the feartiee entire project)

3 NCDOT Project Number (Always prime project no. if catrhas more than 1 work order no.)

4 Job Mix Formula Number of HMA being tested

5. Actual work order map no. within a contract

6. Type of HMA being tested (i.e., S 12.5C, | 19.0B, etc.)

7 Name of Contractor placing and compacting asphalt mix

8 Layer of mix being placed (i.e.,1st layer S 9.5 B, 2ndil&/9.5 B, etc.)

9 Division in which contract is located

10. Gauge serial number if applicable (usually etched intolbarich nuclear gauge)

11. Actual average percent compaction of control strip saraples from M&T 514 QA/QC

12. Average pounds per cubic foot of the ten (10) nuclear gasagtings or 25 non-nuclear gauge readings
taken in the control strip

13. 100% equivalent target density determined after complearesults are knowf(#12+ #11) x 100.

14. Gmm ( rice specific gravity ) determined at mix vedation or Gmm moving average if mix has been
previously produced or a 17 day lapse in in productioni®intix has occurred

15. Calculated target density in pounds per cubic foot ( 6X.Xptl4 )

16. Actual number from gauge when taking standard count.t Brigvithin the acceptable standard count range
from the control strip standard count. (Must be perfdresch day)

17. Consecutive number of test sections for each type mipgeng operation. (See Nuclear
GaugeOperator’'s Manual for procedures for numbering ¢esibss.)

18. Reference station number for beginning of each tesibse

19. Reference station number for ending of each tesbsect

20. Lane being paved (i.e., Rt. NBL, Lt. EBL, etc.)

21. Individual gauge readings in percent compaction at 8amariocations throughout each test section.
(Average of 5 non-nuclear gauge readings)

22. Average of the five (5) random percent compaction aunadauge readings or 25 non-nuclear gauge
readings within each test section

23. Check if test section meets or exceeds minimum tyerekjuirement

24. Check if test section fails to meet minimum denssyuirement

25. Average percent compaction of each lot tested. (Gmdylot per M&T 516QC -- See HMA/QMS Manual
for lot determination).

26. Check if average of all test sections meets or elscegnimum density requirements

27. Check if average of all test sections fails to me@ehimum density requirements

28. QC Technicins printed name and HICAMS certificatmmber
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29. Signature of QC Techician certifing data listed luis form is true and correct

M&T 515 QA
NORTH CAROLINA DEPARTMENT OF TRANSPORTATION Rev.12/03
DIVISION OF HIGHWAYS
TEST SECTION DENSITY VERIFICATION
Date [1] County [2] aG@e Serial No. [3]
Project No. [4] Map No. [5] Test Mode [6]
Control StripNo. ___ [ 7] QC Test Section No. | 81 Fromsta. |91 tosta, | 101
Lane [11] Layer [12] Materiall 13 1 Crew N3 & |
STANDARD
COUNTS
railn?ty Correlated Target Density [15] PCF
) ' 62.4 PCFx [16] = [17] Calculated Target PCF
fan
QA TESTS NO. [18
Test Station Asphalt Requirement
Percent Percent Within Limits
Compaction | Compaction of Precision
[ 19 YES / NO
1 [A] [B]
2
3
4
5 v
[D] [H] | [1]
Control StripNo. _ [ 7] QC Test Section No. _[ 8] From Sta. [9] Stato  [10]
Lane  [11] Layer _ [12 Material [ 13 ] Correlated Target Dendit}5 | PCF
QATESTS NO. [18] 624PCcFx 1161 = [17] Calculated Target PCF
Gim
Test Station Asphalt Requirement | Pass| Fail
Percent Percent QC Test Within Limits
[19 Compaction | Compaction Avg. of Precision
% YES / NO
1 [A] [B]
2
3
4
5 v
[C] [D]
cc: Resident Engineer [White] * Print Name Legibly w/HICAMS No.: [20]
QA Technician [Gold]
Soils Engineer [Pink] *QA Technician Signature: [21]
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*Note: By providing this data under my signature and/or HICAMS certification number, | attest to the accuracy andvalidity
of the data contained on this form and certify that no dliberate misrepresentation of test results, in any marer, has
occurred.
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INSTRUCTIONS FOR FORM M & T 515QA

GENERAL NOTE: This form is to be completed by the Dépant's QA Nuclear Gauge Operator when
performing retest and verification tests of a Q€htécian's test section. Only the density resuitsne mix
type, one project number, and one control strip is todeel on this form. Distribution will be as follows: QA
Technician will maintain the gold copy and furnishmegning two (2) copies to the NCDOT Roadway
Technician to be attached to Form M & T 605 and foredrd the Resident Engineer. Resident Enginedirs wi
forward the pink copy to the M & T Lab's Soils Enginaad the white copy will remain on file at the Riesit
Engineer's office.

©oNoOOO~WNPE

18.

19.

20.
21.

Date quality assurance comparison test is performed

County in which the work is being done

Actual gauge number if applicable (usually the number @iobe handle of gauge)

Prime project number for contract that mix is beirsged

Specific work order map number, if applicable

Mode in which test will be performed. (always belksaatter mode for nuclear gauge)
Applicable control strip number from M & T Form 514 QA/QC

Actual QC test section number that is being tested

Beginning reference station number of test sebiang tested

Ending reference station number of test sectiory bested

Lane being paved (i.e. Rt. EBL, Lt. NBL)

Mix layer being tested (i.e. 1st layer S 9.5B, 2ndr|&y8.5B)

Mix type being tested (i.e. 1 19.0B, S 9.5A, etc.)

Crew number (once established remains thefeathe entire project)

Actual standard count number from nuclear gauge. (bugerformed each day.)

Actual correlated target density entered into génage Form M & T 514 QA/QC

Gmm ( rice specific gravity ) determined at mixfiation or Gmm moving average if mix has been
previously produced or a 17 day lapse in production ofthishas occurred

Calculated target density in pounds per cubic foot 4 B&. X #14 ) entered into the gauge when
checking interim density

This number will be the same base number as the Q§etg®in number but will have a suffix of
either "QA" for retest or "V" for verification test For example; if the Contractor's test section numbe
is 24, a QA retest would be 24QA and/or a QA verificatest would be 24V

Test section information:

Station numbers of individual random gauge readitignia test section

Actual percent compaction of individual random gaegelings within a test section

Average percent compaction of the five random gaemeings

. Minimum density requirement for type mix beiegted; i.e., 92%

. Check if individual readings and / or ageraneets or exceeds minimum density

requirement.

Check if individual readings and / or averagésfeo meet minimum density requirement

g. Average percent compaction of QC test section liestgd from Form M & T 516QC and from
gauge printout

h. Check if QA results are within +/- 2% of the QGtteesults

i. Check if QA results are not within the +/- 2% b&tQC test results

QA Technician’s printed name and gauge operator&ME certification No

QA Technician’s signature certifing that data enteed on this form is true and correct

® QO T

.
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NORTH CAROLINA DEPARTMENT OF TRANSPORTATION M&T - S170QC/0A

NUCLEAR GAUGE RANDOM LOCATION WORKSHEET Rev. 11103
PROJECT:  [1] CONTRACTOR: (2] paTE: 31
maprT.No: M pypEme. B pane 61 gyp 7 winra: 8l
TEST SECTION: 9] BEGIN STATION: __ [10] _ ENDSTATION:_ [11] LENGTH:__[12]
TEST SECTION INCREMENTS [LENGTH/S|: [13] 5=[14] TEST SITE LOCATIONS
il . | TESTSECTION | LENGTH/WIDTH REGIN STA: :
| RANDOM# 1 NCREMENTS | x RANDOM # ‘ ' [22
LENGTH|] WIDTH| LENGTH | WIDTH| LENGTH wm-m‘ B
| & B c D | AxC | BxD
sl | el | A | sl el | J200 -
!
i v
END STA:
TEST SECTION: BEGIN STATION: END STATION: LENGTH: .
TEST SECTION INCREMENTS [LENGTH/S): s ST ST LOCATIONS
= . | TESTSECTION | LENGTIFWIDTH BEGIN STA:
RANDOM # | |\NCREMENTS | x RANDOM #
LENGTH! WIDTH| LENGTH | WIDTH I_ENG'I'H| WIDTH
A | B C D AnC BxD
i
i !
2 |
ENDSTA: ]
[EST SECTION: BEGIN STATION: END STATION: LENGTI:
TEST SECTION INCREMENTS [LENGTIUS]: 5= TEST SITE LOCATIONS
TEST SECTION | LENGTH/WIDTH BEGIN STA:
RANDOM ¥ | INCREMENTS | x RANDOM i
LENGTH] WIDTH| LENGTH | WIDTH| LENGTH [ WIDTH
A 13 [ [B] AxC BxD
|
[23] END STA:

FPRINT CERTIFIED 0!»1[5 'l'%-fEi!N.lkf.i.-\'N NAME AND HICAMS #
24

FCERTIFIED QMS TECHNICIAN™S SIGNATURE

Provide this form @ the regquest of o NCDOT and or Q€ representative, Maintain g copy of this form for 1 vear after completion of project. CHA
maintain as outlined in Construction Manual

*By providing this datp under my signature and/or HICAMS certifieatton number, | attest to the securacy and validiny of the datg conteined ¢n this fom
amd certify thal no deliberate misrepresentation of this data in any manner has occurred,
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INSTRUCTIONS FOR M&T QA/QC

GENERAL NOTE: This form is to be completed daily by @Ad /or QC Technicians when nuclear
or non-nuclear density control is being performed onN@IPOT contract. There is no regular
distribution of this form but the form shall be providedany NCDOT or Contractor Technicians
upon request. OC Technicians shall maintain this form year after the form has been completed
and QA Technicians shall maintain this form as oetlim the current Construction Manual.

1. NCDOT contract number (always prime project numbeoiiftiact has more than one work

order number)

Name of Contractor placing and compacting the asphalt mix

Date asphalt layer is actually placed and compacted

Actual work order map number within a contract

Type of HMA being teste@.e. S-12.5 C, 1-19.0 B etc.)

Lane being teste@.e. NBL Rt., SBL Lt., etc)

Appropriate Job Mix Formula Number of HMA being tested

Width of pavement layer being placed and compacted

Consecutive number of test sections for each mix pgpeaving operation(Refer to

procedures for numbering test sections)

10. Reference station number for beginning of each tesiose

11.Reference station number for ending of each testosecti

12. Actual length of test section being tes{ed. 2000’, 1500’)

13. Actual test section lengifrom #12)

14. Actual increment length of each test gite. 400, 300’)

15. Actual random number from the random number tables useetéomine random station
number location

16. Actual random number from the random number tables useéetéomine random width
location from a reference line

17.Actual increment length of each test gitem #14)

18.Width of pavement layer being placed and compaftech #8)

19. Actual length to station number within each testisteement{15 (A) x 17 (C)}

20. Actual width from reference line to actual test siithin each test site incremefi6 (B) x 18
(D)}

21.Actual station number of each test site within easi $ection

22.Actual width from reference line to actual test ¢item #20)

23.Printed name and HICAMS certification number of cexdiftechnician

24. Signature of certified technician

©CoOoNoO,~WN
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RANDOM SAMPLING

In random sampling, a table of random numbers is useocttd test sites randomly to avoid biased
testing. Once a number has been used it is marked thamdghot used again. For testing asphalt, a
calculator that has a random number generator mapeaaitilized for generating random numbers.
Random sampling is done in two dimensions by locatinta@osa (length) and a pull distance from
edge of base course (width). Refer to the followingmgta. Use form M&T 517 QC/QA for
determining random test sites

1. In the following example, the roadway is 12 feet widheréfore, the test section is 2000 feet in
length.

2. Divide the test section into five equal sections amdne the beginning station of each section on
scratch paper. Assume the test section begins atrs@atD0O and ends at station 20+00.
The data recorded on form M&T 517QC/QA as follows:
2000 / 5 = 400 foot sections
Beginning station -  0+00
4+00
8+00
12+00
16+00
Ending station - 20+00

NOTE: The greater than symbols will point to tardomly located test sites.

3. Determine the random sample multipliers by referringhtorandom sample number table. In the
example shown below, refer to random sample numbee.tdl®oking at the first column of four
digits, use the first two digits, which are 81. Place @na& in front of these two digits (0.81).
Go down the column and the next four multipliers are 0.44,®@.91, and 0.16.

4. Multiply each random sample multiplier by the length o fiwe equal sections determined in #2
above. The increment length is 400 feet.
Test section increment: 400 400 400400 400
Random number: x0.81x0.41 x0.74 x0.91 x0.16
Distance: 324 164 296 364 64

5. Add the distance determined in #4 to the beginning stabibtie
sections determined in #2 to locate the statdmese the
readings will be taken.

Beginning station: 0+00 4+00 8+00 12+@6+00
Distance: 3+24 1464 2+96 3+64 0464
Random test site: 3+24 5+64 10+96 15+64 6416+
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6. Determine a second set of random sample multiplier® tasbd in determining the distance from
the edge of the section where the tests are to hcaRefer to the random sample numbers.
Place a decimal in front of the second two digits enftist column and record these numbers on
form M&T 517QC/QA. For this example the digits will 221, 0.85, 0.23, 0.53, and 0.17.

7. Multiply each random sample multiplier determined in #6 leywidth of the section.

Width of section: 12 12 12 12 12
Random number: _ x0.21 x0.85 x0.23 x0.53 x0.17
Distance: 3 10 3 6 2
8. Refer to following page for M&T 517 QC/QA example.
TEST SECTION 2000 FEET
BEGIN END
0+00 4+00 8+00 12+00 16+00 20+00
[ ] -
243 10+95 3 16+64 E'
]
15+64 B
]
5464 10

TOP VIEW OF TEST SECTION
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NORTH CAROLINA DEPARTMENT OF TRANSPORTATION MET - S1T0CI0A

NUCLEAR GAUGE RANDOM LOCATION WORKSHEET Rev. 11/03
PROJECT: CONTRACTOR: DATE: .
MAP/RT, NO.: TYPE MIX: LANE: IMEF: WIDTH:
TEST SECTION: BEGIN STATION: ~ ENDSTATION: LENGTH:
TEST SECTION INCREMENTS [LENGTH/S|: 3= TEST SITE LOCATIONS
i TEST SECTION | LENGTH/WIDTH BEGIN STA:
RANDOM % | niCREMENTS | x RANDOM # ‘ ' |
LENGTH| WIDTH| LENGTH | WIDTH| LENGTH | WIDTH | =
A B C D AxC BxD £
|
| —
!
| )5 )
END STA:
TEST SECTION: BEGIN STATION: END STATION: LENGTH:
TEST SECTION INCREMENTS [LENGTH/S): /5 TEST SITE LOCATIONS
x| TESTSECTION | LENGTH/WIDTH BEGIN STA: -
RANDOM # | |NCREMENTS | x RANDOM # T
LENGTH] WIDTH| LENGTH | WIDTH| LENGTH | WIDTH
A | B C D AxC | BxD “
END §TA:
IEST SECTION: BEGIN STATION: END STATION: LENGTH:
TEST SECTION INCREMENTS [LENGTIVS]:  15= TEST SITE LOCATIONS
TEST SECTION | LENGTH/WIDTH BEGIN STA:
_ RANDOM A | INCREMENTS | x RANDOM i IS
LENGTH] WIDTH| LENGTH [ WIDTH| LENGTH | WIDTH . “
A B = D AxC BxD
o =N |
1 | 5 )
END STA:
*PRINT CERTIFIED QMS TECHNICIAN NAME AND HICAMS #

FCERTIFIED OMS TECHNICIANTS SIGNATURE

Provide this form an the request-of g NCDOT and or 0 representative, Maintain o copy of this form for 1 vear after completion of project. OA
maintain as outlined in Construction Manual

>y providing this data under my signatre andior HICAMS certificatton number; 1 attest to the seewracy and validity of the data contamed on this fomm
and cerify thal no deliberale misrepresentation of this datay in any manser has ocourred,
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